





Section I—Air and Fallout 





GROSS BETA ACTIVITY IN AIRBORNE 
PARTICULATES AND PRECIPITATION 


Continuous surveillance of gross beta activ- 
ity in air and precipitation provides one of 
the earliest and most sensitive indications of 
changes in environmental fission product activ- 
ity from fallout. Although this surveillance does 
not provide enough information to assess hu- 
man radiation exposure, it is used as an alert- 
ing system for determining when to intensify 
monitoring in other phases of the environment. 

Surveillance data from a number of national 
programs are published monthly and summar- 
ized periodically to show current and long- 
range trends of atmospheric radioactivity in 
the Western Hemisphere. Data provided by 
programs of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organ- 
ization are presented individually in tabular 
form. 


1. Radiation Surveillance Network 
July 1965 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radia- 
tion Surveillance Network (RSN) of the PHS 
Division of Radiological Health which regu- 
| larly gathers samples from 74 stations dis- 
tributed throughout the country (figure 1). 
Most of the stations are operated by State 
health department personnel. 
The alerting function of the network is pro- 
vided by field estimates of the gross beta activ- 
} ity of airborne particulates on the filters. These 
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determinations are performed about 5 hours 
after the sampling period to allow for decay 
of naturally-occurring radon daughters. The 
network station operators report (by tele- 
phone) field estimates greater than 10 pCi/m®* 
(except for Hawaii, Alaska, and Puerto Rico, 
which report 5 pCi/m*) to the Radiation 
Surveillance Center, Division of Radiological 
Health, Washington, D.C. Field estimates and 
laboratory -measurements of daily concentra- 
tions and the estimated ages for selected sam- 
ples are reported in the monthly RSN report 
(1). When unusually high air levels are 
reported, appropriate Federal and State offi- 
cials are promptly notified. 


Sampling and analytical procedures 


Airborne particulates are collected continu- 
ously on carbon-loaded cellulose dust filters 4 
inches in diameter. About 1,800 cubic meters 
of air are drawn through a filter during the 
24-hour sampling period. The filters are for- 
warded to the RSN laboratory in Rockville, 
Maryland, where the gross beta activity is 
measured 4 days after the sampling period 
and again 7 days later if the net count is 
2,000 cpm or higher. By using the two counts 
and the Way-Wigner formula (2), the age of 
fission products is estimated and the activity 
at time of collection determined.’ 

The total precipitation is sampled continu- 
ously at most RSN stations on a daily basis, 





1If a sample contains a mixture of fresh and old 


fission products, the age estimated by the Way-Wigner 
formula is some intermediate value; consequently the 
calculated age of the fresh component will be over- 
estimated. 
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Stations Not Shown 


@ Agana, Guam 

@ Honolulu, Hawaii 

@ San Juan, Puerte Rico 
@ Ancon, Canal Zone 
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Figure 1. Radiation Surveillance Network Sampling Stations 


using funnels with collection areas of 0.4 
square meter. If the rainfall exceeds 0.2 inch, 
the precipitation sample is analyzed for gross 
beta activity (1). Additionally, analyses for 
specific radionuclides may be performed. 

In the laboratory the gross beta activity in 
evaporated precipitation samples is calculated 
by the same method used for analyzing the 
air filters. Total deposition for the sample is 
determined by: 


Deposition (nCi/m?) = 


concentration (pCi/liter) x precipitation depth (mm) 
1,000 





Selected air and precipitation samples are 
analyzed by gamma spectrometry to determine 
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the presence of fresh fission products. The 
method discussed by Burrus (3) and Covell 
(4) was adapted for resolving the complex 
gamma spectra. 


Results 


Monthly values of gross beta activity in air, 
total deposition, and depth of precipitation are 
given in table 1 for July 1965. During this 
month, the RSN collected 1,946 air samples 
and 332 precipitation samples. Forty-seven air 
samples were analyzed by gamma spectrometry. 
Although trace quantities of **°Ba-—La (below 
1 pCi/m*) were observed, no traces of other 
fisson products were apparent. 

Time profiles of gross beta activity in air 
for eight stations are shown in figure 2. 
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Table 1. Gross beta activity in surface air and precipitation, July 1965 


























f Air surveillance Precipitation measurements 
; Station location Number of Gross beta activity, pCi/m!* 
samples Last Total Total 
profile depth d tion > 
in RHD (mm) (nCi/m*) 
Air | Pptn| Maximum Minimum Average * 
Ala: 31 8 0.40 <0.10 <0.15 | May 65 130.8 <26.2 
Alaska: 31 0.14 <0.10 <0.10 | Sep 65 NS 
29 10 0.27 <0.10 <0.12 | May 65 38.4 <7.8 
17 0.10 <0.10 <0.10 | Oct 65 NS 
27 4 0.24 <0.10 <0.14 | Jun 65 21.9 <5.2 
20 8 0.22 <0.10 <0.11 | Jul 65 83.2 <16.8 
5 0.10 0.10 1 Aug 65 NS 
Feb 65 
31 0.28 <0.10 <0.11 | Nov 65 NS 
29 0.11 <0.10 <0.10 | Mar 65 NS 
Ariz: 29 0.37 <0.10 <0.14 | Jul 65 NS 
Ark: 29 7 0.27 <0.10 <0.17 | Jun 65 87.4 <17.5 
Calif: 18 0.35 <0.10 <0.14 | Aug 65 NS 
30 0.29 <0.10 <0.14 | Feb 65 NS 
C. Z: 14 0.18 <0.10 <0.11 | Aug 65 NS 
Colo: 28 4 0.46 <0.10 <0.18 | Aug 65 36.5 <7.4 
Conn: 30 5 0.63 <0.10 0.26 | Jul 65 27.0 <20.3 
Del: 19 0.83 <0.10 <0.27 | May 65 NS 
D. C: 28 7 0.72 <0.10 <0.25 | Nov 65 100.5 <20.1 
Fla: 31 10 0.35 <0.10 <0.15 | Jun 65 175.2 <35.1 
29 13 0.30 <0.10 <0.13 | Jul 65 168.2 <33.7 
Ga: & 0.25 <0.10 <0.14 | Apr 65 NS 
Guam: 29 0.24 <0.10° <0.11 | Apr 65 NS 
Hawaii 31 6 0.14 <0.10 <0.10 | Oct 65 58.1 <12.1 
Idaho: 31 0.48 <0.10 0.24 | Oct 65 NS 
31 1 0.76 0.12 0.28 | Nov 65 12.5 <2.5 
Ind: 23 6 0.59 0.16 0.29 | Apr 65 42.6 <8.7 
Iowa: 30 6 0.59 0.13 0.25 | Aug 65 61.0 <12.1 
Kans: 30 4 0.59 <0.10 0.21 | May 65 73.3 <14.8 
Ky: 27 7 0.66 <0.10 0.29 | Nov 65 50.0 <10.1 
La: By SO. vnidcs conte bccnwSdocasbmaee 31 13 0.34 <0.10 <0.13 | Nov 65 150.1 <30.4 
Maine SEE SP CET PT 30 7 0.81 <0.10 <0.34 | Mar 65 47.0 <9.4 
I, oslo ich aoe cues eigsineiinebiaaeael 27 4 0.68 <0.10 <0.26 | Aug 65 65.8 <13.2 
Md: EE Te ee ee 21 3 1.06 <0.10 0.28 | Jul 65 20.1 <4.0 
IIIS <n no 1. cadets tiadeusicctih eenedeaionn 19 0.88 <0.10 <0.25 | Oct 65 NS 
Mass: EE EE I EF AMS 30 g 0.67 <0.10 0.30 | May 65 68.6 <16.9 
I pod care: ceittnartinminchinneaaanentieeee 28 5 0.60 <0.10 <0.26 | Sep 65 24.8 <5.9 
Mich EE LOIN CHORE TE! 31 4 0.86 <0.10 0.31 | Oct 65 9.6 <2.0 
Minn Minneapolis 21 7 0.53 <0.10 0.21 | Apr 65 98.4 <19.6 
Miss Jaokse®............. 16 2 0.26 <0.10 <0.15 | Dec 64 56.8 <11.4 
Mo: Jefferson City 31 9 0.47 <0.10 0.23 | Apr 65 68.3 <13.8 
Mont ER ce es oe ee 30 7 0.71 <0.10 0.30 | Sep 65 17.6 <4.6 
Nebr a 14 5 0.61 <0.10 <0.27 | Mar 65 161.2 <32.3 
Nev: a e 29 0.50 <0.10 <0.20 | Jun 65 NS 
N- H a a ch al ee 21 1.08 <0.10 0 Nov 65 NS 
Jd: Wa. bth oid bite Sides th ats ts ae a 30 4 0.77 <0.10 <0.27 | Mar 65 26.6 <5.3 
N. Mex EES Ee PNET Wee oy 26 8 0.13 <0.10 <0.11 | Sep 65 30.1 <6.1 
% ¢: TIS CENT LETTE CREA ISAT 21 7 0.57 <0.10 0.32 | Apr 65 49.6 <9.9 
(as SS RN Sheek agape 72% 31 0.71 <0.10 0.29 | Aug 65 NS 
RR i cer shat 29 0.56 <0.10 <0.24 | Sep 65 NS 
N.C | EEE RE ATER EERE ES. 30 8 0.58 <0.10 <0.17 | Aug 65 131.6 <26.5 
N. Dak ara ccateccustucccosexencsehas 30 11 0.53 <0.10 <0.24 | Nov 65 107.8 <21.6 
Ohio: | AEP EE ee SER Si Sales 6 0.17 <0.10 <0.12 | May 65 Ss 
Sa ge ene SARE 29 6 1.03 0.13 0.37 | Mar 65 110.8 <22.1 
Pn. tccwsebheeuadl Gate Sane 24 4 0.89 <0.10 0.34 | Jul 65 61.0 <12.2 
Okla NS ER SE ae 30 2 0.23 <0.10 <0.14 | Oct 65 50.0 <10.0 
PU nicateccocudavshsmsaucsaeind 30 7 0.21 <0.10 <0.11 | Jul 65 136.3 <27.6 
Ore: ee eae es 31 3 0.69 <0.10 <0.23 | Mar 65 6.9 <1.4 
Pa: | TEAS ot Se Ceara iE 30 1 0.63 <0.10 <0.24 | Apr 65 6.0 <i. 
FP. R: TE Serene Pie fe apenas, 31 4 0.25 <0.10 <0.12 ar 65 93.0 <18.5 
R. I: EN nn x ene ginudeashewaeaduccall 30 5 0.73 <0.10 <0.29 | Oct 65 48.4 <9.7 
8. C: CTE wececcenscugeyeuauescesweses 24 13 0.61 <0.10 <0.16 | Sep 65 225.6 <45.2 
S. Dak ES Fe Se, \ EE a 31 3 0.62 <0.10 <0.24 | Jul 65 19.9 <4.0 
Tenn en eT ee 30 7 0.49 <0.10 <0.17 | Oct 65 66.5 <13.2 
Tex EOL NE LE, ES REIT i ps 28 1 0.24 <0.10 <0.14 | May 65 8.8 <1.8 
TS, Se ih =. CERT 29 5 0.22 <0.10 <0.12 | Nov 65 7.6 <1.8 
Utah: ey MN Ws ca caabuiesawcetwesnea 28 7 0.54 <0.10 <0.24 | Feb 65 28.9 <5.9 
Vt: Barre Le, ae te ee ee Ee 31 12 0.85 <0.10 0.34 | Jun 65 73.1 <14.6 
Va: RIS ERG AF as ole, 31 9 0.68 <0.10 <0.20 | Jun 65 194.7 <38.9 
Wash: ale a es ee eiieauae 31 4 0.30 <0.10 <0.12 | May 65 10.0 <2.0 
SE, TS EE IL 30 2 0.54 <0.10 0.25 | Apr 65 12.2 <2.6 
W. Va: 6 oc00<c0néeueboukinscagadon 31 10 0.51 <0.10 <0.19 | Oct 65 77.1 <15.4 
Wis: a ea 30 4 0.54 0.12 0.23 | Jun 65 67.8 <13.5 
Wyo: CD sicivcdntscacnidhauswecuegced 30 5 0.43 <0.10 <0.19 | Jun 65 21.2 <6.0 
Se IG ks nono ean chdioenencauchonasne 1,946 332 1.08 <0.10 <0.20 67.2 <13.9 





























Key to symbols: Blank—no report received. NS—no sample collected. 


* The monthly average is calculated by weighting the individual samples with the length of sampling period. Values of <0.10 are assumed to be 0.10 


for averaging purposes. 


} purp If the <0.10 values represent more than 10 percent of the values used in the average, a less-than sign is placed before the average. 
> If any individual precipitation samples have activity concentrations under 200 pCi/liter, a less-than sign is placed before the total deposition value. 
¢ For the network summary, all averages are arithmetic means of station averages. 
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Figure 2. Monthly and yearly profiles of beta activity in air—Radiation Surveillance Network, 1959—July 1965 
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2. Canadian Air and Precipitation Monitoring 
Program, July 1965 ° 


Department of National Health 
and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors air and precipitation in con- 
nection with its Radioactive Fallout Study Pro- 
gram. Twenty-four collection stations (figure 
3) are located at airports, where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Depart- 
ment of Transport. Detailed discussions of the 
sampling procedures, methods of analysis, and 
interpretation of results of the radioactive fall- 
out program are contained in reports of the 
Department of National Health and Welfare 
(5-10). 


Air sampling procedure and results 


Each air sample involves the collection of 
particulates from about 650 cubic meters of 
air drawn through a high-efficiency 4-inch 
diameter glass-fiber filter during a 24-hour 
‘period. These filters are sent daily to the Ra- 
diation Protection Division Laboratory in Ot- 
tawa for analysis. 





2 Prepared from information and data in the August 
1965 monthly report “Data from Radiation Protection 
Programs,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 


To determine the beta activity a 2-inch diam- 
eter disk is cut from each filter and counted 
with a thin-end-window, gas-flow, Geiger-Muel- 
ler counter system calibrated with a stron- 
tium-90—yttrium-90 standard. Four succes- 
sive measurements are made on each filter to 
permit correction for natural activities and 
for the decay of short-lived fission products. 
The results are extrapolated to the end of the 
sampling period. Canadian air data for July 
1965 are given in table 2. 


Precipitation collection and analysis 


The amount of radioactive fallout deposited 
on the ground is determined from measure- 
ments on material collected in special poly- 
ethylene-lined rainfall pots. The collection 
period for each sample is 1 month. After trans- 
fer of the water to the sample container, the 
polyethylene liner is removed, packed with the 
sample, and sent to the laboratory. 

Strontium and cesium carriers are added to 
all samples on arrival at the laboratory. Other 
carriers are added to selected samples accord- 
ing to the specific radionuclides to be deter- 
mined. The samples are then filtered and the 
filtrate evaporated to near dryness. The filter 
paper containing insoluble matter together 
with the polyethylene liner is then ignited and 
ashed at 450°C. The ash is combined with the 
soluble fraction, transferred to a glass plan- 
chet, evaporated under an infrared lamp, and 
then counted with a thin-end-window Geiger- 
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Figure 3. Canadian air and precipitation sampling stations 
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Mueller counter calibrated with a. strontium— 
90—yttrium-90 source. Gross beta activities 
in precipitation for July 1965 are given in 
table 2. 

The monthly precipitation samples represent 
the total deposition of radioactive materials 


Table 2. Canadian gross beta activity in surface air and 
precipitation, July 1965 

















Air surveillance Precipitation 

measurements 

Station Beta activity, pCi/m* |Average| Total 

Num- concen-| depo- 

ber of tration | sition 

samples} Maxi- | Mini- |Average| (pCi/ | (nCi/ 

mum | mum liter) m?) 
Ae ee 31 0.8 0.1 0.4 111 13.1 
Coral Harbour.------ 31 0.4 0.0 0.2 153 6.2 
Edmonton. -.----.-- 31 0.6 0.1 0.3 107 5.8 
Ft. Churchill_- -.---- 31 0.6 0.0 0.2 114 4.7 
Pt. Wiliam....-..... 31 0.8 0.0 0.3 124 5.2 
Fredericton_-_-_ _----- 31 0.8 0.1 0.3 117 5.3 
CONN TIT. ciccancae 31 0.6 0.0 0.3 82 9.6 
Pe dckawdowase 31 0.7 0.0 0.3 78 4.3 
a ee 31 1.0 0.0 0.3 96 4.4 
ee 31 1.1 0.1 0.4 105 9.0 
Moosonee - - - - - --  ntecss 31 0.6 0.0 0.2 110 9.3 
a 30 0.9 0.0 0.3 112 7.0 
uebec___.....--.-- 30| 1.1] 0.0] 0.8] 135] 14.6 
| FER aay 31 0.6 0.2 0.3 175 7.5 
Se 31 0.1 0.0 0.1 NS NS 
St. John’s, Nfld__---- 25 0.7 0.0 0.3 63 3.9 
Gashetess........... 31 0.4 0.1 0.2 448 13.9 
Sault Ste. Marie- - --- 31 0.6 0.0 0.3 99 9.9 
2 acura deen 31 0.8 0.0 0.4 106 10.3 
Vanoouver.......... 31 0.3 0.0: 6.1 278 1.6 
Whitehorse_-_------- 31 0.6 0.0 0.2 276 3.0 
ed 31 1.0 0.1 0.3 79 5.5 
(CO a 31 0.6 0.0 0.2 78 6.2 
Yellowknife___.___-- 2 0.2 0.2 0.2 158 5.8 
DORI ins cndsiad 0.7 0.0 0.3 139 73 























NS—no sample. 


on the earth’s surface. The July 1965 gross 
beta deposition values are given in table 2. 
Results of radionuclide analyses of deposition 
are given in table 3. A review and discus- 
sion of fallout levels in Canada during 1964 
have been presented by Booth et al. (10). 


Table 3. Radionuclide deposition (nCi/m?) in Canadian 
fallout, July 1965* 











Station 89Sr Sr 137Cg %Zr 10Ba 

NS OEE 0.70 1.17 1.69 0.16 0.28 
Coral Harbour------_--- 0.26 0.28 0.44 NA NA 
ee 0.00 0.78 1.14 NA NA 
Ft. Churchill__........- 0.32 0.36 0.56 NA NA 
Ps. Witiemh..o.. 25.425 0.21 0.37 0.62 NA NA 
Fredericton.-.-...------ 0.25 0.46 0.72 NA NA 
Goose Bay------------- 0.55 0.92 1.17 NA NA 
ds AR ee 0.20 0.34 0.36 0.02 0.13 
SEE eee 0.27 0.44 0.52 NA NA 
7 Eee 0.59 0.74 1.06 0.21 0.46 
sik atta 0.73 0.68 1.00 NA A 
RR RES 0.28 0.68 0.99 NA NA 
ERE rere 1.05 1.35 1.98 NA NA 
Es ci sas ts 2, cedlish ince loll 0.33 0.61 0. NA NA 
I nein thictacaeaeat NS NS NS NS NS 
St. John’s, Nfid____.--- 0.52 0.44 0.65 NA NA 
NS Eee eee 0.38 0.76 1.56 NA NA 
Sault Ste. Marie__--_--- 0.65 0.78 1.05 NA NA 
, SSS ere 0.56 0.81 0.91 NA N 

Vamoouver............. 0.00 0.04 0.11 0.02 0.07 
Whitehorse -____.._...-- 0.12 0.27 0.46 NA NA 
~~ e 0.28 0.36 0.60 NA NA 
gt rat eredignild 0.36 0.53 0.75 0.10 0.09 
Yellowknife___....__--- 0.33 0.53 0.63 NA NA 
DR. 5. ic icitaeacieas 0.39 _0.60 0.86 0.10 0.21 




















Key to symbols: 
A—no analysis. 
NS—no sample. 


* Samples from all stations are routinely analyzed for ®Sr, Sr, and 
137Cs; samples from five selected stations are regularly analyzed for %Zr 


and '°Ba. Negligible quantities are not reported. 





3. Mexican Air Monitoring Program 
July 1965 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of Mex- 
ico was established by the Commision Nacional 
de Energia Nuclear (CNEN), Mexico City. 
From 1952 to 1961 the network was directed 
by the Institute of Physics of the University 
of Mexico, under contract to the CNEN (11- 
15). 

In 1961, the CNEN appointed its Division 
of Radiological Protection (DRP) to establish 
a new radiation surveillance network. This net- 
work consists of 17 stations (see figure 4), 12 of 
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Figure 4. Fallout network sampling stations in Mexico 
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which are located at airports and operated by 
airline personnel. The remaining five stations 
are located at Mexico City, Mérida, Veracruz, 
San Luis Potosi, and Ensefiada. Staff mem- 
bers of the DRP operate the station at Mexico 
City, while the other four stations are manned 
by members of the Centro de Previsién del 
Golfo de México, the Chemistry Department 
of the University of Mérida, the Instituto de 
Zonas Desérticas of the University of San 
Luis Potosi and the Escuela Superior de Cien- 
cias Marinas of the University of Baja Cali- 
fornia, respectively. 


Sampling 


The sampling procedure involves drawing 
air for 24 hours a day, 3 to 4 days a week at 
the rate of approximately 1,200 cubic meters 
per day, through a high-efficiency, 6- x 8-inch 
glass fiber filter, using high-volume samplers. 
After each 24-hour sampling period, the filter 
is removed and forwarded via airmail to the 
“Laboratorio de Estudios sobre Contaminacién 
Radiactiva,” CNEN, in Mexico City for assay 
of gross beta activity. A minimum of 3 to 4 
days after collection is allowed for decay of 


radon and thoron daughter natural radioactiv- 


ity. Data are not extrapolated back to the date 
of collection. 


Results 


The maximum, minimum, and average fisson 
product beta concentrations in surface air dur- 
ing July 1965 are presented in table 4. 


Table 4. Gross beta activity of airborne particulates, 
Mexico, July 1965 

















Number Gross beta activity, pCi/m* 
Station of 
samples 
Maximum} Minimum | Average 

DO iiis Gavecsieccna 16 <0.1 <0.1 <0.1 
Ciu ae 15 0.2 <0.1 0.1 
Chihuahua. ............ 20 0.3 <0.1 0.1 
OO” Sea 3 0.1 0.1 0.1 
Guadalajara._........-- 13 <0.1 <0.1 <0.1 
ences dé nin’ 6 <0.1 <0.1 <0.1 
Db sbbhbnsdwenenneg 16 0.9 <0.1 0.2 
PI, cainccwcgcnnin 5 0.2 <0.1 0.1 
EEE 16 0.3 <0.1 0.1 
DN nk eek eee 22 0.1 <0.1 <0.1 
PD, Eiuivs 6actwoncen 8 0.1 <0.1 <0.1 
Nuevo Laredo... -..---.-- 8 0.3 <0.1 0.1 
San Luis Potosi-_-_-..--.-. 15 0.1 <0.1 <0.1 

a a nine oie epiaeh 17 0.1 <0.1 <0.1 

orréon......- ©. sn diiultinndil 28 0.4 <0.1 0.1 
Tuxtla Gutiérrez *....._- NS NS NS NS 
Fee vidiinccacencmeon 14 0.2 <0.1 <0.1 











NS, no sample collected. 





4, Pan American Air Sampling Program 
July 1965 


Pan American Health Organization and 
Public Health Service 


Gross beta activity in air is monitored by 
six countries in the Americas under the aus- 
pices of a collaborative program developed by 
the Pan American Health Organization and the 
Public Health Service (PHS), for assisting 
countries of the Americas in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of Radiological Health, PHS, and 
are identical with those employed for the Ra- 
diation Surveillance Network. 

The six air sampling stations included in 
the Program are operated by the technical staff 
of the Ministry of Health in each country. The 
station in Kingston, Jamaica, is operated by 
the Public General Hospital; in Caracas, Ven- 
ezuela, by the Venezuelan Institute for Scien- 
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tific Investigations; in Lima, Peru, by the In- 
stitute of Occupational Health; in Santiago, 
Chile, by the Occupational Health Service; in 
Trinidad, West Indies, by the University of the 
West Indies; and in Buenos Aires, Argentina, 
by the Ministry of Social Welfare and Public 
Health. 

The May 1965 air monitoring results from 
the six participating countries are given in 
table 5. 


Table 5. Gross beta activity in surface air 
(concentrations in pCi/m), July 1965 








, Number 
Sampling stations of Maximum | Minimum | Average * 

samples 
Kingston, Jamaica_ -- - -- 14 0.22 <0.10 <0.12 
Caracas, Venezuela- --.--_. 17 0.15 <0.10 <0.10 
Eee ae 24 0.10 <0.10 <0.10 
Santiago, Chile. _._..... 16 0.19 <0.10 <0.12 
Trinidad, West Indies. -- 14 0.19 <0.10 <0.11 
Buenos Aires, Argentina-- NS NS NS NS 

















® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the <0.10 values represent more than 10 
percent of the values used in the average, a less-than sign is placed in front 
of the average. 


NS, no samples analyzed by laboratory. 
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RADIOCARBON IN SURFACE AIR 
J.C. Drobinski, Jr. 


Prior to 1950, the natural radioactive carbon 
dioxide content of the troposphere and lower 
stratosphere was in a steady-state equilibrium 
(1); that is, conditions were such that the 
cosmic ray production of carbon-14 by the 
(n, p) reaction on nitrogen in the upper at- 
mosphere equalled its radioactive decay. Under 
these conditions, the natural level of carbon—14 
in the atmosphere and biosphere was about 
14 + 1 disintegrations per minute per gram 
of carbon. Recently, it has been broadly estab- 
lished that this equilibrium has_ existed, 
probably with minor fluctuations, for at least 
the last 300,000 years (2). 

The detonation of fusion and high-yield fis- 
sion devices, which ‘began in 1952, has added 
macro amounts of carbon-14 to the natural 
reservoir. It appears that most of this activity 
was injected into the stratosphere followed by 
only a gradual entrance into the troposphere. 
As a result, the rise in tropospheric levels of 
carbon—14 has been slow. Data on carbon-14 
concentrations in the stratosphere have been 
reported by Hagemann (3). Table 1 shows in- 
creases in the carbon—14 levels reported for 
1956-1962 in the northern troposphere (4). 


Table 1. Tropospheric inventory of artificial carbon-14 











Year Increase, percent * 
ke vaccnsesvecacdensncaeneseaaceneauenael 8 
SEES LEE OE OR ens 2 Se 12 
as alc, sc ipsum aw oauomboae Meats ieee de diesel sea 18 
et hid rink ae Gigacihaaeweld eels meena ae ee 21 
ela disc Da ates en bik wikis ieee marti beri aakieoad 21 
SRE eS Ee ee 24 
Dinnihickcdidssvekenbsetdausenaiebttadabkanea 28 





* Over 1950 level. 


Although the dose rate from radioactive 
carbon-14 is very low, its long half-life (5,740 
years) (5) and its ultimate entry into the bio- 
sphere make it probably the most significant 
radionuclide of genetic importance produced by 
nuclear detonations (6,7). Since very little 
carbon is absorbed through respiration, its 
principal route of entry into man is through the 
food chain. Carbon-14, as carbon dioxide, is 





1Mr. Drobinski is Chief, Carbon-Tritium Section, 
Northeastern Radiological Health Laboratory, Division 
of Radiological Health, 109 Holton Street, Winchester, 
Massachusetts 01890. 
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incorporated into plant tissue through photo- 
synthesis; it then enters the human food chain 
either directly or through animal intermediates. 
Because the carbon—14 content in animals tends 
to lag behind surface air levels (8-11), data on 
the concentrations of carbon—14 in surface air 
can serve as an early indicator of possible 
changes in the ecological system leading to 
man. 


Sample collection 


Carbon dioxide is collected at Northeastern 
Radiological Health Laboratory approximately 
every two weeks. The intake is located about 
20 feet above ground level. A dehumidifier- 
compressor,? passes air through silica gel to 
remove moisture. The air then passes through 
a trap cooled with dry ice-ethanol (—78° C.) to 
remove any remaining traces of water vapor 
and then to a bed of Linde molecular sieve 
(type 5A) which absorbs the carbon dioxide, 
while permitting the oxygen, nitrogen, and 
inert gases to pass through. Prior removal of 
moisture is necessary since the molecular sieve 
also absorbs water. Although molecular sieves 
can be operated at high flow rates with good 
efficiency and low-pressure drop, the particular 
dehumidifier-compressor unit available has a 
maximum operating capacity of 40 cubic feet 
of air per hour. Therefore the dehumidi- 
fying-absorption process is continued for 24-26 
hours to obtain sufficient sample (about 8 liters 
of carbon dioxide,* corresponding to 4.3 grams 
of carbon). Collection of the sample over such a 
long period also minimizes the effect of tran- 
sient meterological conditions. 

After the carbon dioxide has been absorbed 
by the molecular sieve at room temperature, it 
is transferred to a collection system. The carbon 
dioxide is desorbed from the sieve material at 
500° C. and is collected in a trap cooled by 
liquid nitrogen (-196°C.) after passage 
through a trap cooled by dry _ ice-ethanol 
(-78° C.). Volatile impurities (air) are re- 
moved by pumping to a pressure of 15 microns 
while the carbon dioxide is frozen in the liquid 
nitrogen trap. Finally, the gas is sublimed into 





2 Communication Products Company, Marlboro, New 
Jersey. 


’ At standard conditions of temperature and pres- 
sure. 


605 











storage tanks where the quantity collected is 
measured. Observed yields have been 95 per- 
cent or more. 

Purification and counting 

The carbon dioxide is then transferred to a 
purification system where it is purified by a 
series of vacuum evaporation-condensation 
steps through activated coconut charcoal. The 
final “evaporation” is carried out at —78° C. so 
that any radon present will be retained on the 
charcoal. In this “evaporation,” the CO, also 
passes through phosphorus pentoxide (P.0;) 
before transfer to the counters. 

The carbon—14 content is measured in gas- 
phase carbon dioxide proportional counters. 
The counting chamber volume is 7.5 liters, at 
an operating pressure of 30 cm. mercury. Back- 
ground is reduced by an iron shield 12-inches 
thick and by an annular anti-coincidence shield 
surrounding the counter. The system has been 
described by Drobinski (11). Background is 
about 20 counts per minute and the standard 
deviation of the net activity is about 1 cpm for 
a 180-minute counting period. 

Results and interpretation 

Table 2 lists the carbon—14 activities ob- 
served in the atmosphere from January 1964 
to April 1965. The actual activity (dis- 
integrations per minute of carbon-14 per gram 
of carbon) and the percentage increase over 
1950 levels (Acarbon-14) are presented. The 
latter factor is calculated as follows: 


Acarbon-14 = cpm) = x 100 


where 14 is the 1950 activity in dpm/g of 
carbon. 

The data in the table show an increase in the 
carbon—14 content over the period of study, 
suggesting the entrance of this nuclide into the 
troposphere from the stratospheric inventory. 
Most of the increase was noted in March 1964. 
Subsequent to this date, the level remained 
fairly constant. Fluctuations in carbon-14 con- 
centrations from sample to sample which are 
greater than analytical error may be due to 
meteorological conditions. The low values 
of some samples may be due to dilution 
with inactive carbon dioxide resulting from the 
combustion of fossil fuels (Suess effect) (12). 
Although some geographical variability of 
carbon—14 may be expected, the data obtained 
at Winchester agree in general with those re- 
ported elsewhere (10, 13). 
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Table 2. Carbon-14 content in surface air, 
Winchester, Massachusetts 























Date of dpm/g C Percent Date of dpm/g C Percent 
sampling AMC 5 sampling AMC 8 
1964 Sept 15 22.6+1.0 61 
Oct 15 22.5+4+1.0 60 
Feb 5 17.0+1.2 21 || Nov 16 23.7+1.0 69 
Feb 10 19.2+1.1 37 || Decl 24.8+1.0 77 
Mar 3 22.0+0.9 57 || Dec 15 23.941.5 70 
Mar 17 21.9+0.8 57 
Mar 31 23.341.1 66 1965 
April 15 23.4+0.8 67 
April 28 20.1+41.0 43 || Jan 5 21.2+1.1 52 
May 14 21.8+0.9 56 || Feb 2 19.0+1.0 36 
June 3 22.6+1.0 61 || Feb 17 22.1+1.0 58 
June 23 21.9+1.0 56 || Mar 2 21.341.0 52 
July 15 22.9+1.0 63 || Mar 16 24.2+1.1 73 
Aug 3 23.341.0 67 || Mar 31 21.0+1.0 50 
Aug 14 22.341.0 59 || April 13 21.7+1.0 55 





® Percent above natural level of 14+1 dpm/g carbon in 1950. 
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Section II—Milk and Food 


MILK SURVEILLANCE 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it 
is the single food item most often used as 
an indicator of the population’s intake of radio- 
nuclides from the environment. This is be- 
cause fresh milk is consumed by a large seg- 
ment of the United States population and con- 
tains most of the radionuclides occurring in 
the environment which have been identified as 
biologically important. In addition, milk is pro- 
duced and consumed on a regular basis, is con- 
venient to composite and analyze, and samples 
representative of milk consumption in any area 
can be readily obtained. 


1. Pasteurized Milk Network, July 1965 


Division of Radiological Health and Division 
of Environmental Engineering and Food 
Protection, Public Health Service 


The Public Health Service pasteurized milk 
surveillance program had its origin in a raw 
milk monitoring network (1) established by 
the Service in 1957. One of the primary objec- 
tives of this network was the development of 
methods for milk collection and radiochemical 
analysis suitable for larger scale programs. 

Experience derived from this study led to 
the activation of a pasteurized milk sampling 
program with stations selected to provide na- 
tionwide surveillance of milk production and 
consumption areas. The present Pasteurized 
Milk Network (PMN), which consists of 63 
stations, has at least one station in every State, 
the Canal Zone, and Puerto Rico. 


Sampling procedure 


Samples are collected through the coopera- 
tion of State and local milk sanitation author- 
ities. According to established procedures, the 
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sample at each station is composited of sub- 
samples from each milk processing plant in 
proportion to the plant’s average sales in the 
community served. At most stations the sam- 
ple represents from 80 to 100 percent of the 
milk processed. Prior to September 15, 1961, 
the composite sample was taken from 1 day’s 
sales per month and was as representative of 
the community’s supply as possible under prac- 
tical conditions. Beginning with the resump- 
tion of nuclear weapons testing in the at- 
mosphere in September 1961, and continuing 
through January 1963, samples were collected 
twice a week at nearly all stations and daily 
for short periods at selected stations. Since 
then the sampling frequency has been reduced 
to once a week. 

Samples are preserved with formaldehyde 
and sent to the PHS Southwestern (SWRHL), 
Southeastern (SERHL) or Northeastern 
(NERHL) Radiological Health Laboratories 
for analysis. Gamma analyses for iodine-131 
are made within 3 to 6 days after sample col- 
lection, and any results exceeding 100 pCi/liter 
are immediately telephoned to appropriate 
State health officials for possible public health 
action. Analytical results are normally avail- 
able 6 to 7 weeks after weekly samples are 
received by the laboratories. 


Analytical procedures 


Iodine-131, cesium-137, and barium-140 
concentrations are determined by gamma scin- 
tillation spectrometry.' After the weekly sam- 
ples are gamma-scanned, samples from 2 con- 
secutive weeks are composited and analyzed 





1 Southeastern Radiological Health Laboratory em- 
ploys a radiochemical procedure for barium-140 anal- 
ysis. 


607 











radiochemically to determine strontium—89 
and strontium—90. With all such measurements 
there is an inherent statistical variation. For 
the low radionuclide levels usually observed in 
milk and other environmental samples, this 
variation on a percentage basis is relatively 
high. It depends upon such factors as the 
method of chemical analysis, the sample count- 
ing rate and counting time, interferences from 
other radionuclides, and the background count. 
For milk samples, counting times of 50 min- 
utes for gamma spectrometry and 30 to 50 min- 
utes for beta determinations are used. Table 


1 shows the approximate analytical errors (in-~ 


cluding counting error) associated with deter- 
minations of radionuclide concentrations in 
milk. These errors were determined by com- 
paring results of a large number of replicate 
analyses. 


Table 1. Analytical errors associated with determinations 


of radionuclides concentrations in milk 

















Concentra- | Error ® 
Nuclide tion | Error ® Concentration |(percent of 
| (pCi/liter) | (pCi/liter) (pCi/liter) concentra- 
| tion) 
Iodine-131_-_- _.| less than 100 | 10 | 100 or greater 10 
Barium-140___ -| less than 100 | 10 | 100 or greater 10 
Cesium-137- _- -| less than 100 10 | 100 or greater 10 
Strontium-89__| lessthan 50 | 5 50 or greater 10 
Strontium-90_ - | less than 20 | 2 20 or greater 10 
| 





® Two standard deviations 


The minimum detectable concentration is de- 
fined as the measured concentration equal to 
the two-standard deviation analytical error. 
Accordingly, the minimum detectable concen- 
trations in units of pCi/liter are: strontium— 
89, 5; strontium-90, 2; cesium-137, 10; bar- 
ium-—140, 10; and iodine-131, 10. At these 
levels and below, the counting error comprises 
nearly all of the analytical error. 

Calcium analyses at SERHL are done by 
an ion exchange and permanganate titration 
method, while at NERHL and SWRHL an eth- 
ylenediaminetetraacetic acid (EDTA) method 
is used. Stable potassium concentrations are 
estimated from the potassium—40 concentra- 
tions determined from the gamma spectrum, 
but are not reported herein. 


Data presentation 


Table 2 presents summaries of the analyses 
for July 1965. Radionuclide values reported 
by a laboratory as being below the minimum 
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detectable concentration have been averaged 
by using one-half the minimum detectable 
value. A modified averaging procedure has 
been used for iodine—131 and barium—140 since 
October 1963, when nondetectable concentra- 
tions of these radionuclides began to be con- 
sidered zero. A similar procedure is used for 
the network average. 


Figures 1 and 2 are isogram maps showing 
the estimated strontium-—90 and cesium—137 
concentrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that sta- 
tion. The isograms were developed by arbi- 
trary interpolation between values for the in- 
dividual stations. 


The distribution of monthly average stron- 
tium-—90 concentrations as observed in pasteur- 
ized milk -for the months February through 
July 1965 is presented in table 3. The maxi- 
mum monthly average concentration of stron- 
tium-90 for July was 37 pCi/liter, observed at 
Minot, North Dakota. This level is in Range 
II as defined by the Federal Radiation Coun- 
cil (20-200 pCi/liter). The overall PMN aver- 
age monthly strontium-—90 concentration in 
pasteurized milk for July was 17.2 pCi/liter 
as compared to 20.0 pCi/liter in June 1965. 
The average monthly strontium-—90 concentra- 
tions in pasteurized milk from selected cities 
in the sampling program are presented in fig- 
ure 3. 


The network average cesium-—137 concentra- 
tion in milk tor July 1965 was 51 pCi/liter as 
compared to 61 pCi/liter in June 1965. The 
maximum monthly average cesium-137 con- 
centration in pasteurized milk was 185 pCi/liter, 
observed at Tampa, Florida. The distribution 
of monthly average cesium-—137 concentrations 
in milk for the months February through July 
1965 is presented in table 4. 


The decrease in radionuclide concentrations 
in milk observed during February through July 
1965 can be expected to continue in the ab- 
sence of atmospheric nuclear testing. 


During July 1965, four stations exhibited an 
iodine-131 monthly average of 10 pCi/liter. 
The presence of iodine-131 and strontium-—89 
in pasteurized milk during July 1965 is pre- 
sumed a consequence of the mainland China 
atmospheric nuclear test of May 14, 1965. 
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Table 2. Average concentrations of stable elements and radionuclides in pasteurized milk, second quarter 


















































le 1965 and July 1965* 
as 
e Calcium Strontium-89 Strontium-90 Cesium-137 Iodine-131 
c (g/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
a Sampling locations 
Second | Average| Second | Average| Second | Average| Second | Average| Second Average 
n- quarter | for July | quarter | for July | quarter | for July | quarter | for July | quarter | for July 
or 
Ala: Montgomery - - - --------- 1.17 1.12 <5 <5 18 13 55 40 0 0 
ae See 1,22 1.23 <5 <5 20 13 65 50 0 0 
Ariz: Se 1.21 1.21 <5 <5 5 5 20 20 0 0 
ng Ark: CS SS ee 1.15 1.13 5 15 38 31 70 60 10 0 
Calif: Sacramento. --.....------ 1.25 1.31 <5 <5 8 6 35 20 0 0 
37 San Francisco- ---------- 1.26 1.27 <5 <5 11 7 35 20 0 0 
C.Z: SI ce lana ws cll ndater dean 1.10 1.11 <5 <5 4 4 35 30 0 0 
‘y- Colo: NIE ne ee 1.33 1.26 <5 10 19 15 70 45 0 0 
he Cees 0 BE nc cancccesens 1.11 1.09 <5 <5 15 15 75 60 0 0 
Del: SE RS 1.14 1.12 <5 5 19 16 70 50 0 0 
-a- D.C: , Eee 1.15 1.12 5 <5 17 14 55 40 10 0 
ni Fla: ES 5 icine dnasdinints tone eal 1.16 1.16 <5 <5 12 ll 175 185 0 0 
- 
, C—O 1.15 | 1.14 <5 <5 29 21 85 60 0 0 
n- | eee, Ee 1.23 1.16 <5 <5 10 7 55 40 0 0 
Idaho: I I ol nba einen iectnsie 1.27 1.26 <5 <5 20 23 95 60 10 10 
Ill: i ee 1.13 Bae <5 <5 17 ll 75 40 10 0 
Ind: ll EE 1.15 1.12 5 <5 19 14 55 30 10 0 
mn- Iowa Des Moines. -._.-.------- 1.26 1.18 10 5 23 20 55 35 20 0 
Kans: ARTS 1.25 1.20 <5 5 18 19 50 35 10 0 
ir- Ky: IN al tdhnanendiae 1.15 1.12 5 10 24 20 45 30 10 0 
h La: New Orleans--_.-..--.---- 1.20 1.16 5 5 42 34 60 10 0 
uy Maine: | RES. 1.12 1.11 <5 10 21 23 125 110 0 0 
xi- Md: Baltimore...........---- 1.14] 1.10 5 <5 19 17 60 50 10 0 
Mess: RESET SEER A 1.13 1.11 <5 10 22 22 125 100 0 0 
n- Mich: _ ESERIES 1.13 1.11 <5 <5 17 11 75 40 10 0 
at Grand Rapids----------- 1.16 1.14 <5 5 19 16 80 55 10 0 
Minn: Minneapolis.........---- 1.29 1.31 10 10 28 26 90 65 20 
ge Miss: SS EE 1.18 1.18 5 <5 34 29 55 45 0 0 
Mo: SS ES 1.25 1.22 10 10 22 | 19 45 30 30 0 
in- be aaa 1.20 1.19 5 10 19 16 45 25 20 0 
oY Mont a ia ae 1.28 1.23 <5 10 20 19 95 65 10 0 
e Nebr: ES ee 1.19 1.21 5 <5 21 17 50 35 20 0 
in Nev: on a mdiioieal 1.28 1.18 <5 <5 7 : 40 20 10 0 
N. H: ESR ATES: 1.15 1.13 <5 5 25 25 150 130 0 0 
er N. J: .  — RnageapasaSengepespes 1.11 1.09 <5 5 16 16 70 45 0 0 
34 N. Mex: Albuquerque------------ 1.23 1.23 <5 <5 ll 8 35 20 0 0 
¢) . 
|e é. TY eer 1.10 1.11 <5 5 17 12 95 55 0 0 
fa- yO eee 1.11 1.09 <5 5 21 20 90 65 0 0 
. es 1.10 1.11 <5 10 18 12 80 45 0 0 
1es N. C: Cae: 1.20 1.12 <5 27 25 65 5 0 0 
{| ears 1.25 1.27 10 20 57 37 120 70 10 0 
ig’- 
& Ohio: a oo 1.13 1.12 <5 5 18 14 50 30 10 0 
VR AE os 1.13 1.11 5 10 20 13 75 40 10 0 
Okla: Oklahoma City----.------ 1.12 1.08 5 5 20 16 45 30 10 0 
Ore: Rag SSA 1.30 1.30 <5 <5 24 17 90 50 0 0 
ra- Pa: Philadelphia__....------ 1.13 1.05 <5 <5 19 15 65 40 0 0 
as Pe ob cuncucenwcdl 1.14 1.12 5 10 25 22 95 65 10 0 
‘h P.R IEEE A 1.12 1.11 <5 <5 11 10 50 45 0 0 
e R. I: Providence......--.-.--- 1.12 1.12 <5 <5 20 19 95 85 0 0 
8. C: ERAS 1.16 1.13 <5 <5 27 23 100 70 0 0 
n- S. Dak: Rapid City___---------- 1.05 1.04 10 20 33 28 105 55 10 10 
Tenn: Chattanooga. ---.------- 1.19 1.14 5 5 30 26 65 45 0 0 
er, Memphis. -.....-------- 1.15 1.13 5 10 26 21 45 30 10 0 
on Tex: AP Te 1.12 1.12 <5 <5 8 6 25 25 0 10 
Ee eee 1.17 1.11 5 <5 20 14 45 30 0 0 
ns Utah: Salt Lake City___------- 1.39 1.34 <5 <5 26 15 120 80 10 0 
] Vt: EN Ee 1.12 1.11 <5 5 21 21 100 75 0 0 
Ay Va: ET i ouka ns weigel 1.17 1.14 5 <5 21 18 60 45 10 10 
Wash: eee eee 1,27 1.26 <5 <5 25 19 105 80 0 0 
I rida caiin ctnine ws dahi nnn 1.30 1.30 <5 <5 27 23 60 0 0 
ns W. Va: ee a eee 1.12 1.10 10 5 20 19 40 30 10 0 
Wis: ee 1.19 1.19 <5 5 17 1l 85 45 10 0 
ily Wyo: oN See * 1.23 1.31 5 <5 17 17 70 55 10 0 
ib- Network average.......----------- 1.18 1.16 <5 5 20.7 17.2 72 51 6 1 
® Results of all barium-lanthanum-140 analyses were zero. 
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Figure 1. Stronti 


Table 3. Frequency distribution, strontium-90 concentra- 
tions in milk at PMN stations, July 1964 and February- 


July 1965 


um-90 concentrations in pasteurized milk, July 1965 


Table 4. Frequency distribution, cesium-137 concentrations 
in milk at PMN stations, July 1964 and February-July 1965 


































































































Number of stations 
Number of stations 
Cesium-137 1964 1965 
Strontium-90 1964 1965 (pCi/liter) 
are, July | Feb | Mar | Apr | May | June | July 
July | Feb | Mar | Apr | May | June | July 
“ etn) #] 3] a] a] gl a] # 
| 214 6 ft QGP wescaeusecscen 1 
Wie. 77] 3) atl] sl as] ss] st] se | bdb------------ 2| 15| 16| 18] 13| 5| 3 
SN cnctiscammawenl 29 22 21 27 25 29 18 150-199 - --.-.------ 8 - - 3 . 1 1 
—.geapaeeabaheapeares: 14 5 6 5 5 4 3 PE 3 0 0 0 0 0 0 
RRR ie 4 2 1 2 2 2 0 ee 2 0 0 0 0 0 0 
. ae 1 0 1 0 0 0 0 
a, ee 2 0 0 1 1 0 0 
| 0 0 0 0 0 0 0 
CESIUM-—137 (pCi/liter) ®o 
e 
: ‘ ea 
| - 
20 MJ . <n 35 
Me La @ 45 
“AC rman, 
Stations Not Shown 
Palmer,Alasko == 
Honolulu, Hawaii. _ _ _ _ 
San Juan, Puerto Rico __ _ _ 
Cristobol,Canal Zone _ _ _ _ 
e@ Sampling Station JULY 1965 
Figure 2. Cesium-137 concentrations in pasteurized milk, July 1965 
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Figure 3. Strontium—90 concentrations in pasteurized milk, 1961—July 1965 





2. Florida Milk Network 
July—December 1964 and Annual Summary 


Division of Radiological and Occupational 
Health, Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine-131 analysis in 
two major areas of the State in November 
1962. The program has since been expanded 
to include the analysis of milk for strontium— 
89, strontium—90, and cesium—137, in addition 
to iodine-131. Raw milk samples are received 
from the six areas shown in figure 4. Samples 
for iodine-131 analysis are taken from a tank 
truck, the route of which passes by farms 
widely dispersed over the area represented. 
Where there is no route representative of a 
large portion of an area, samples collected from 
selected farms are combined. When iodine-131 
is detectable in milk, samples are collected 
weekly. In the interest of maintaining an active 
standby capability, samples are now collected 


November 1965 


and analyzed for this nuclide on a monthly basis. 
A regional State Board of Health Laboratory 
is located in each of the six areas referred to in 
this report. Each laboratory prepares a monthly 
composite sample for its region by combining 
samples from 10 percent of the dairy farms 
selected at random. These composite samples 
are then sent to the State Radiological Health 
Laboratory in Orlando for analysis. Milk prod- 
uced in the counties comprising each area is 
generally processed, marketed, and consumed in 
that area. These areas are characterized by dif- 
ferences in dairying practices related to the 
gradual transition from small farms in the 
West Florida region, where locally-grown feeds 
are used, to larger farms in the Southern areas, 
where different types of grass and predomi- 
nantly purchased feeds are used. 


Analytical procedures 


Cesium-137 is determined by gamma scan- 
ning 1 liter of milk in a Marinelli beaker 
with a 4- x 4-inch sodium iodide crystal and 
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Figure 4. Florida milk sampling locations 


multichannel analyzer. The sample is then pre- 
pared for radiostrontium analysis by evapo- 
rating and ashing. 

Strontium is precipitated as a carbonate, 
counted for total radiostrontium activity, and 
stored for yttrium ingrowth. After the in- 
growth period, yttrium is separated with car- 
rier as an oxalate and counted in a low-back- 
ground beta counter to determine strontium— 
90. Strontium—89 is then calculated as the dif- 
ference between total radiostrontium and stron- 
tium-90 (as yttrium). 


Results and discussion 


During the period July to December 1964, 
strontium-89 and iodine-131 concentrations 
remained below the detectable level of 5 pCi/ 
liter. Strontium-90 analyses were not per- 
formed routinely during the last half of 1964. 

Table 5 presents the monthly average cesi- 
um-137 concentrations in Florida raw milk 
from July through December 1964. 

A summary of 1964 observed cesium—137 
concentrations is presented in table 6 as quar- 
terly and yearly averages for each area and 
for the State. Following the mainland China 
nuclear test of October 16, 1964, raw milk 
samples were collected every other day at Pen- 
sacola from October 23 to November 12, 1964. 
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Table 5. Cesium-137 in Florida raw milk 
July-December 1964 
































(pCi/liter) 
Area July | Aug | Sept | Oct | Nov | Dec | Aver- 
age 

rare 169 174 145 169 106 77 140 
eeren Pin a-~...~..- 214 162 156 146 134 91 150 
Northeast Fla_------ 335 322 240 209 199 120 238 
Central Fig......... 346 342 229 356 347 188 303 
Tampa Bay-_-------- 283 238 273 266 198 168 238 
Southeast Fla_------ 284 296 266 231 211 | 179 244 
Pic nccks cea 272 256 218 231 199 137 219 





Table 6. Quarterly summary of cesium-137 
concentrations in raw milk, 1964 




















(pCi/liter) 
Quarter 
Area Annual 
average 
First Second Third Fourth 

[4 205 260 163 117 186 
North Fia_.....-.- 183 267 177 124 188 
Northeast Fla_- .-- 179 249 299 176 226 
Central Fla_-_-_-___- 255 335 306 300 299 
Tampa Bay------- 203 257 265 211 234 
Southeast Fla__---- 212 254 278 207 238 
pS SREP 206 270 248 189 228 














3. Indiana Milk Network 
April-June 1965 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radionuclide 
analysis in September 1961. To analyze radio- 
nuclide concentrations in Indiana milk effec- 
tively, the State was geographically divided 
into five major milksheds; northeast, north- 
west, central, southeast, and southwest (figure 
5). One large dairy within each milkshed was 
assumed to be representative for sampling 
purposes. 

The milk samples are routinely analyzed for 
strontium-89, strontium-90, cesium—137, io- 
dine-131, and barium-140. Initially, cesium— 
137, iodine-131, and barium—140 were analyzed 
weekly. When iodine-131 concentrations ex- 
ceeded 100 pCi/liter, the sampling frequency 
was increased. Since August 1963, because of 
the continued low concentrations of short-lived 
radionuclides, the sampling frequency was re- 
duced to once a month for the northeast, south- 
east, and southwest milksheds. Monthly anal- 
yses for strontium-89 and strontium—90 are 
performed for each station. 


Radiological Health Data 




















eee wa 


\ 







lds hd 


NORTHEAST 


SS 
tt 


YY 


SS 


Vy, Yyjdddddedddddddddddddddtt 

















SX 


’ Figure 5. Indiana milk sampling locations 











Analytical procedures 


Strontium-89 and strontium-90 concentra- 
tions in milk samples are determined by ion 
exchange separation (2, 3) and subsequent 
low-background beta counting. The limits of 
detectability for strontium-89 and strontium— 
90 are 5 and 1 pCi/liter, respectively. Cesium— 
137, iodine-131, and barium-140 are deter- 
mined by gamma scintillation spectrometry. 
The counting system consists of a 5i2—channel 


pulse-height analyzer and a shielded 4- x 4- 
inch sodium iodide crystal detector. The limit 
of detectability for barium-140 and iodine-131 
is 5 pCi/liter. Cesium-137 concentrations are 
subject to a 6 percent error at 100 pCi/liter. 


Results and discussion 

The monthly radionuclide concentrations in 
Indiana pasteurized milk are presented by sta- 
tion in table 7 for April through June 1965. 

The monthly network average concentra- 
tions of strontium-89, strontium-90, and cesi- 
um-137 are presented graphically in figure 6. 
Strontium-89 concentrations increased in the 
spring of 1962 following atmospheric nuclear 
testing. Subsequently, these levels decreased 
until by the end of 1963 they were below de- 
tectable levels. Strontium-90 and cesium-—137 
concentrations also increased following 1962 
atmospheric nuclear testing to a peak in the 
summer of 1963. With the subsequent cessa- 
tion of atmospheric nuclear testing, these lev- 
els began a downward trend. 

Monthly average concentrations in stronti- 
um-89, iodine-131, and barium-140 increased 
above detectable levels in May and June 1965. 
This increase is presumed to have resulted 
from the second mainland China test of May 
14, 1965, and can be expected to decrease sub- 
sequently. 

During the period covered, concentrations 
did not reach levels requiring countermeasures 
based upon health implications. Criteria for 
such remedial action have been outlined by the 
Federal Radiation Council (4). 





MONTHLY NETWORK AVERAGES 


200r- 


100 


CONCENTRATION (pCi/liter) 


50} » 











1961 1962 1 





Figure 6. Radionuclide concentrations in Indiana Pasteurized Milk Network, 1961—June 1965 
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Table 7. Radionuclide concentrations in Indiana milk, April-June 1965 






































Calcium Potassium-40 Strontium-89 Strontium-90 Iodine-131 Cesium-137 Barium-140 
Somating (g/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
ocation 
Apr | May| Jun | Apr | May| Jun | Apr | May| Jun | Apr | May] Jun | Apr | May} Jun | Apr | May| Jun | Apr | May| Jun 

Northeast-___------- 1.05) 1.08} 1.13)1,230}1,410)1,340 0 0 10 14 13 11 0 20 85 40 45 0 20 0 
Southeast ---------- NS} 1.12] 1.17 ,200}1,350| NS 0 10} NS 16 1l NS 0} NS 45 35) NS 0 0 
SE». oo cou wee 1.11} 1.10} 1.13)1,310|}1,330)1,380 0 0 20 14 13 11 0 10 30 65 45 50 0 0 10 
Southwest... .._--- 1.12} 1.12] 1.151, 1,340)1,350 0 0 15 18 15 14 0 0 0 45 40 35 0 0 0 
Northwest -_-_-----_-- 1.11} 1.08) 1.13)1,330|1,330;1,420 0 0 20 14 15 10 0 20 40 80 55 55 0 10 10 
GOERS. ov ccccdce 1.10} 1.10) 1.14)1,290/1,320)1,370 0 0 15 15 14 11 0 20 20 70 45 45 0 10 0 


















































NS, no sample taken. 





4, Michigan Milk Network 
January-June 1965 


Division of Occupational Health 
Michigan Department of Health 


The Michigan Department of Health began 
sampling pasteurized milk for radionuclide 
analyses in November 1962. Under this pro- 
gram, weekly pasteurized milk samples are col- 
lected in the seven major milk producing areas 
in the State: Charlevoix, Detroit, Grand Rap- 
ids, Lansing, Marquette, Monroe, and Saginaw 
(figure 7). Daily samples within each area are 
composited in proportion to sales volume. 


Analytical procedures 


The resultant samples are analyzed weekly 
for strontium-90, iodine-131, cesium-—137, 
potassium—40, and barium-lanthanum-140. The 
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Figure 7. Michigan milk sampling stations 
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analytical procedure for strontium—90 is based 
upon ion exchange methods. Cations are eluted 
from the ion exchange resin with a sodium 
chloride solution. Subsequently, calcium and 
strontium are separated using a nitric acid 
method. The strontium is scavenged from 
the rare earths and set aside for a 2-week 
yttrium-90 ingrowth. The yttrium-90 is then 
separated and counted in a low-background 
beta counter after which the strontium-90 is 
calculated. 


Iodine-131, cesium—137, potassium—40, and 








barium-lanthanum-140 concentrations are 
Table 8. Radionuclides in seven Michigan milk 
producing areas, January-June 1965 * 
(pCi/liter) 
Station Potas- Stron- Iodine- | Cesium- 
and month sium-40 | tium-90 131 137 
Charlevoix: 
SE ee 1,310 25 <14 95 
EL REE 1,370 30 <14 94 
I sales ilel la ncn elias SRE 1,330 28 <14 95 
FEE EE AEE 1,330 25 <14 87 
ES OE ON RE 1,380 26 <14 87 
Bsc! ics aris daria eis aPagticaa abe 1,310 21 19 61 
Detroit 
CS EE ee 1,350 18 <14 69 
| ES ELS ee ere 1,370 19 <14 70 
SS Ss a Sikh hn atene 1,320 21 <14 69 
(TRAGER TEE a AS. 1,310 16 <14 69 
| RE ROTS ae eS 1,330 18 <14 61 
Se Peo ee 1,300 17 21 38 
Grand Rapids: 
ints ihaicuctonecs es atales Blac 1,370 20 <14 71 
Sea ee 1,380 21 <14 72 
RE SIAR OE. 1,330 21 <14 78 
REE Ra tS ncteeeF- 1,330 19 <14 74 
| RE ee 1,360 21 <14 71 
_ SAS 1,290 20 18 53 
Lansing 
EEC eee eee 1,450 18 <14 69 
0 eee 1,340 18 <14 65 
Ses aps Tes 1,360 20 <14 74 
DE cildtieclcdatintic ca acal 1,350 18 <14 70 
ai ee 1,330 19 <14 58 
SE sss Ridak abate 1,340 17 21 43 
Marquette: 
I oe itil: ic sanig chan detbinel 1,380 NA <14 144 
SERS era" 1,360 42 <14 145 
ES aia can te hi a 1,350 44 <14 148 
etre eee ay: 1,360 34 <14 152 
RE Te 1,430 38 <14 140 
NS icinsste eh ek eteeicetmeoeates 1,350 36 <14 106 
Monroe: 
es eee 1,320 12 <14 48 
February - - ----- dnavecaisanacian 1,320 14 <14 54 
3 Ae et 1,300 14 <14 55 
SE ere: 1,320 12 <14 53 
| SE ea. 1,350 14 <14 50 
Soci: Sah wnichietheced Gan 1,340 16 18 37 
Saginaw: 
EE rene 1,350 16 <14 66 
IIS, 5.4: wytecadimiteracioiain 1,360 16 <14 67 
ee 1,360 19 <14 65 
REE et le 1,330 14 <14 69 
RS ee fer e 1,330 17 <14 67 
| EEA ES 1,320 14 <14 48 

















NA, no analyses performed es 
® Barium-lanthanum-140 values all less than 4 pCi/liter. 


Radiological Health Data 











CONCENTRATION (pCi /liter) 


CONCENTRATION (pCi /liter) 

















al het Te te 


Oe oe 


Sere seaer ue 





at tt tt tt tt 





o_o 


Lahbehbetied] TT ttt 
. 


we ee eee ee 





MARQUETTE 





IST, 


90.,, 


3 


Sestak. | 





a 


Saeaerwrree 


ial) bith Tee tt 











MONROE 


137, 


Sr 


PPay_om 
Sere S 








SAGINAW 








CHARLEVOIX 
15O-- 
1376, 
100} 
50r- 
90,, 
oi ee ee Oe ee} 
DETROIT 
i5O- 
137, 
Cc: 
100} “ 
oem 
50/- 
905, 
= = = 
° Sree r eh ae 
GRAND RAPIDS 
ISO 
137, 
100}+- Cs 
4 
50+ 
90,, 
=, 
= 
owt a 
LANSING 
i5sor 
100} 
I3%, 
——m 
50- 
90,, 
o 
ewer terres 
SON DJ FMAMJ J 
1962 1963 


Figure 8. Monthly average concentrations of strontium-90 and cesium-137 in Michigan milk, 1962—June 1965 


determined by gamma-scintillation spectro- 
metry. The counting system consists of a 4- x 
4-inch sodium iodide (thallium activated) crys- 
tal detector and a 400-channel pulse-height 
analyzer. The minimum levels of detectability 
are as follows: strontium—90, 9 pCi/liter; ces- 
ium-137, 5 pCi/liter; iodine-131, 14 pCi/liter; 
potassium—40, 80 pCi/liter; and barium-lan- 


5 
5 
5 
. 
L 

are 


thanum-140, 4 pCi/liter. 


Results and discussion 


Table 8 presents the monthly average radio- 
nuclide concentrations in Michigan pasteurized 
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milk for the period January to June 1965. The 
results are given for the seven major milk 
producing areas in the State. 

During this period, iodine-131 and barium- 
lanthanum-140 concentrations in general re- 
mained below detectable levels. 

To visualize general trends in strontium—90 
and cesium—137 levels, monthly average con- 
centrations are presented graphically in figure 
8. Strontium-90 concentrations have remained 
fairly constant since the beginning of the pro- 
Cesium-137 concentrations have fol- 
lowed a general decreasing trend since the peak 
observed in the summer of 1963. 





SSeS e sere 














5. New York Milk Network 
_ January-March 1965 


Division of Environmental Health Services 
Department of Health, State of New York 


Pasteurized milk samples collected routinely 
from six cities—Albany, Buffalo, Massena, 
Newburgh, New York City, and Syracuse 
(figure 9)—are analyzed for their radionu- 
clide content by the State of New York Depart- 
ment of Health. The samples are collected daily 
and composited weekly for the determination 
of strontium-89, strontium—90, iodine—131, and 
barium-lanthanum-140 at all stations except 
Massena, where samples are composited bi- 


weekly, and at New York City, where a milk. 


sample representing the total milk supply for 
1 day is obtained and analyzed once per week. 
Samples are obtained from processing plants 
except at Albany, where the daily composite 
is prepared from samples taken at a marketing 
point. The Albany samples are analyzed for 
iodine-131 and other gamma-emitting radio- 
nuclides. In the event that any city reports 
iodine—131 concentrations exceeding 100 pCi/ 
liter, the sampling frequency is increased. 




















Figure 9. New York sampling stations 


Analytical procedures 


Gamma-emitting radionuclide concentrations 
in milk are determined by scintillation spectro- 
metry and the application of a matrix method 
of analysis (5) to the resultant spectral data. 
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The analytical procedure for determining 
strontium-—89 and strontium—90 concentrations 
employs an ion exchange system. The collected 
cations (including radiostrontium) are eluted 
from the ion exchange resin with sodium chlo- 
ride solution. The strontium isotopes are then 
gathered by means of sodium carbonate and 
isolated with ethylenediaminetetraacetic acid 
(EDTA). The radiostrontium is determined 
with a low-background beta counter having an 
0.8 mg/cm? window. The strontium—-90 is 
determined differentially from the 40-hour in- 
growth of its daughter product, yttrium—-90. 


Results and discussion 


The monthly average radionuclide concentra- 
tions of strontium-90 and cesium-137 are 
shown in.table 9 for January through March 
1965. Strontium-89 average concentrations 
were below 3 pCi/liter. Strontium—-90 values 
showed a slight increase in this quarter. During 
this period, the iodine-131 and barium-lan- 
thanum-140 concentrations remained below the 
minimum detectable level of 20 pCi/liter. 


Table 9. Average radionuclide concentrations in. 
New York milk, January-March 1965 














Strontium-90 Cesium-137 
Sampling (pCi/liter) (pCi/liter) 
station 
Jan Feb Mar Jan Feb Mar 
| MEER hee reteere 13 14 17 72 63 51 
Nich, wioniarncdluliinndaiiata 13 10 13 67 68 76 
ED 13 20 NS 92 102 104 
eS 17 18 19 79 65 NS 
New York City..-.------ 16 17 19 74 69 66 
DE Nona capadknkeene 9 15 NS 56 63 60 
IE sins ciao icp sonata 13.5 | 15.7 17.0 | 74.0 71.7 71.4 























NS indicates no sample collected. 


The cesium—137 and iodine-131 concentra- 
tions since September 1961 are represented in 
figure 10. Despite the slight increase shown in 
this report, the general long-range trend in 
cesium-137 concentrations since the atmos- 
pheric test ban treaty is one of decreasing 
levels. Seasonal variations have been apparent 
during this period. 
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Figure 10. Cesium—137 and iodine-131 in New York milk, 
September 1961—March 1965 


6. Pennsylvania Milk Network 
April-June 1965 


Bureau of Environmental Health 
Pennsylvania Department of Health 


Samples of pasteurized milk are routinely 
collected from 10 major milk consumption areas 
throughout Pennsylvania (figure 11). Two 
samples per week are collected in Philadelphia 
and Pittsburgh, while weekly composite sam- 
ples are collected from the other eight stations. 


November 1965 


At each sampling location subsamples are col- 
lected from the major dairies supplying the 
area and are composited in proportion to the 
amount of milk processed by each dairy. This 
composite is then sent to the Radiation Labora- 
tory of the Division of Occupational Health 
in Harrisburg where the weekly samples are 
combined for monthly analysis. 
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Figure 11. Pennsylvania milk sampling stations and milk 
consumption areas 


Analytical procedures 


Strontium-90 analyses have been carried out 
since April 1963. The chemical separation 
technique for strontium—90 is essentially the 
ion exchange method described by Porter, et al. 
(2). One liter of milk is passed through an ion 
exchange column; yttrium-90 is eluted from 
the resin and is counted in an automatic low- 
background proportional counter. 

Iodine-131, cesium—137, and potassium—40 
concentrations are determined by gamma scin- 
tillation spectrometry. The resultant gamma 
spectra are evaluated, using a matrix system 
of analysis. 


Results 


The average monthly strontium—90 concen- 
trations in Pennsylvania pasteurized milk for 
April to June 1965 are shown in table 10, and 
presented graphically in figure 12. 

Iodine-131 was observed in May and June 
1965 as shown in table 11 and plotted in 
figure 12. Cesium-—137 and potassium—40 con- 
centrations are given in tables 12 and 13, 
respectively. 
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Figure 12. Radionuclide concentrations in Pennsylvania milk, 1962-June 1965 


Table 10. Strontium-90 concentrations in 


Pennsylvania milk, April-June 1965 





Sampling location 


Strontium-90, pCi/liter 








Table 12. Cesium-137 concentrations in 
Pennsylvania milk, April-June 1965 





Sampling location 


Cesium-137, pCi/liter 






























































April May June April May June 
IN i ncintg css baile nate ada ode 17 16 13 CR iikcniwnadwansgh le aineeias 120 98 80 
EEE ES A AE ee Se 15 18 14 EEE RES SRS eee 122 104 90 
Ei dita a peng nakelen naman ee 17 20 19 | RE Sas ES aL ener 149 102 NA 
SR Ee PRE ys eee Se 17 16 19 ES 138 136 104 
cs Se 12 20 12 SERRE er ree 124 97 90 
ho oh elds enschede a 16 19 15 Ee ee 136 99 106 
RSIS Rg ee Are 27 23 23 ET EE SELES: 133 134 108 
A a eed 17 20 13 oS. idigus divine ob Darnbiee ae an 120 100 105 
5 SS TEES ee ae 13 17 13 0 Ee ae 118 94 89 
Ser are 19 19 12 | ENE ee 130 110 79 
RE RO EE eee 17 19 15 Penne GUNN... 6.5... vcaxls ui cen 129 107 95 
NA indicates no analysis performed. 
Table 11. Iodine-131 concentrations in Table 13. Potassium-40 concentrations in 
Pennsylvania milk, April-June 1965 Pennsylvania milk, April-June 1965 
Iodine-131, pCi/liter : . Potassium-40, pCi/liter 
Sampling location Sampling location 
April May June April May June 
iii ci ntictin neta <10 16 22 DR ics on tina xadinnacs canned 905 1,002 939 
| ee eee <10 40 24 SR sac nkcuschvedsasneseesee 1,065 1,098 1,096 
EES gn TER ED SC ars eT ee <10 17 NA I aks te ct Sk sin kth Nh ee ar 1,130 1,020 NA 
Ns en ecacnwaciiacan eee <10 34 30 See eemeren 1,125 1,109 1,064 
Lancaster. - - - - $saertkerkciocnesnes <10 38 <10 SOMONE... 2... 22 52 eennans- cee 1,141" 1,091 1,005 
SE Ee rer: <10 <10 66 Se egg EEA EE SS SE 1,680 1,083 1,111 
ECR Sere <10 10 45 oe, or ee eee 1,110 1,113 1,059 
iP PRES er <10 17 37 0 ee See ee 1,113 1,004 1,124 
NS a er nnr <10 14 40 Sry ane eeeaeee 945 1,002 1,004 
_ Se eee ee ee adios <10 32 16 eo 1,020 1,154 1,039 
eG So. sé nde ien aden <10 22 31 PRR eer eer ee 1,123 1,068 1,049 























NA indicates no analysis performed. 
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NA indicates no analysis performed. 


Previous coverage in Radiological Health Data: 
Period 


September 1962—November 1963 
December 1963-—March 1964 


April-June 1964 


August-September 1964 
October—December 1964 


January-March 1965 


Issue 


March 1964 
July 1964 
October 1964 
February 1965 
June 1965 
September 1965 
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7. Washington Milk Network 
January-June 1965 


Air Sanitation and Radiation Control Section 
State of Washington Department of Health 


The Washington State Department of Health 
initiated a surveillance program for radioac- 
tivity in raw milk in December 1962. The col- 
lection points shown in figure 13 were selected 
to provide samples representative of varying 
climatological conditions within the State’s two 
major milksheds. As this sampling program 
provides representation of a large percentage 
of the population’s milk supply in the State, it 
would also provide a basis for initiating coun- 
ter-measures. In addition to sampling milk 
from eight locations in Washington, milk from 
Northwest Idaho (Sandpoint) is included in 
the network, as this area forms a part of the 
Spokane milkshed. Several additional points 
are sampled from time to time. 

Raw milk samples are normally collected 
monthly from individual tankers, but the sam- 
pling frequency is flexible. Increased sampling 


can be initiated immediately if the need should 
arise. 


Analytical procedures 


All milk samples are placed in a 2-liter stain- 
less steel Marinelli beaker and gamma scanned 
for 100 minutes with a 512-channel pulse-height 
analyzer. This beaker, which is placed on a 3- 
x 38-inch Nal (T1) crystal, provides equal sam- 
ple thickness on all sides and top of the crystal. 


A 4x 4 matrix is used to analyze the spectra 
and provide rapid quantitative results for 
iodine-131, barium-140, cesium-137, and po- 
tassium—40. 

As a check of analyzer stability, daily 1-min- 
ute counts of cesium—-137 are made with the 
same source. Gamma efficiencies and detecta- 


bility limits are given in table 14 for this sys- 
tem. 


Table 14. Beta and gamma efficiencies and 





limits of detectability 
Energy Efficiency Average Limits of 
band (percent) background | detectability 
(MeV) (pCi) pCi) 























wee! 37 0.6 0.24 
Gamma 
TE 1.37-1.55 0.18 2,277 325 
__. RAREST: 0.33-0.40 4.20 300 
es secs 0.62-0.72 2.60 246 30 
,_ eaaeelminte | 0.46-0.57 3.50 326 30 





Following gamma scanning, selected samples 
are analyzed for strontium—90. After the addi- 
tion of strontium carrier, the milk proteins are 
precipitated with trichloroacetic acid. After 
filtration, oxalic acid is added to precipitate the 
alkaline earths as oxalates (pH 3.0). The oxa- 
lates are ashed, dissolved in 6N hydrochloric 
acid, and the pH is adjusted to 1.4. A double 
extraction is performed, using equal portions 
of 20 percent (by volume) di-(2-ethylhexyl) 
phosphoric acid (HDEHP) in toluene. This ef- 
fectively removes rare-earth activity, including 
yttrium-90, leaving the strontium—90 in the 
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Figure 13. Washington milk sampling locations 
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sample. This sample is stored a minimum of 2 
weeks to allow yttrium—90 to ingrow. Subse- 


quently, the yttrium-90 is extracted with 5 


percent (by volume) HDEHP in toluene. The 
organic layer is scrubbed with a HCl solution 
(pH 1.4) and back extracted with 3N HNOs. 
The resulting nitric acid solution is evaporated 
and yttrium—90 counted. From this, the stron- 
tium-—90 activity is calculated. The yttrium—90 
counting is done in a low-background, gas-flow, 
internal proportional counter. The efficiency 
and detectability limit of the counter for yt- 
trium—90 are given in table 14. 

As a part of the laboratory’s quality control 
program, some samples are split and analyzed 
several times. Split samples are also exchanged 
with State, Federal, and university laboratories 
for analysis and comparisons. 


Results 


Table 15 presents the monthly average radio- 
nuclide concentrations in Washington raw milk 
for January through June 1965. The results 
are given for representative production areas 
within the two major milksheds. 


During this period fresh fission product con- 
centrations remained below detectable levels, 
except in three samples in May and June, as 
shown in table 16. These samples are presumed 
to reflect the second mainland China atmos- 
pheric nuclear detonation of May 14, 1965. 


Zinc—65 was observed in Benton and Frank- 
lin Counties on four occasions during this per- 
iod (table 17). This nuclide has shown up rou- 
tinely in these counties and results from irriga- 
tion of some pasture land with Columbia River 


Table 15. Radionuclide concentrations, Washington milk, January-June 1965 
(pCi/liter) 


Potassium-40 


















































Sampling location January February March April May June 
NS "ESS CREE IG PEP Es ee eet eee tee, ey Pee e eee Pere NS 1,230 NS , 340 1,130 NS 
I a teh sti drt ee Anan angel Rum wie amas oes ea hake agi NS 1,220 1,280 1,230(3) 1,180(2) ,160(2) 
OA th «dag bitin sink bedcwktibbebeed caelabmassvenae ee hin 1,100 1,220 1,200 1,110 1, 260 (2) 1,170(2) 
OLA TE LEE LEON EE 1,240 NS 1,260 1,110(2) , 230 1,190(2) 
I 04.58 Beis mn datlcaca use dcales els args Spe eee ee eee eee NS 1,230 1,240 1 ,210(3) 1,180(2) 1,150(2) 
i cs ince with iw ie Sn sh Gg lice SO aoe Seed sale a aah dd 1,220 1,230 1,330 , 190 1,230(2) 1,130(2) 
CL i tin sithinduntdsieniatae nbighitn tats teh pew dete dy thihat NS 1,260 1,180 1,160(3) 1,270(2) 1,290(2) 
ES ae ae Meee ee ee * SRE eed ee. Spee 1,210 1,060 1,180 ,170 1,190(2) 1,170(2) 
I oh ict ec cdbntinelwekuconedcoetathe otha denewiee’ 1,120 1,110 1,100 1,180 1,150(2) 1,130(2) 
OILS C8 50 ook Sh akiockp dabnidandend& the nathee sub w thon ke 1,180 1,200 1,220 1,190 1,200 1,170 
Re SA TE a a ee SRNL IS See Sere ye ge 1,240 1,260 1,330 1,340 1,310 1,320 
I. on ct botbald ath he dnc cdduvbhdns ose ees achdeudods 1,100 1,060 1,100 1,060 1,110 1,030 
Strontium-90 
ee ee Oe ee eee ee ee ee NS 10 NS 10 NA NS 
i a li ihr ots pclae cath aha ash ai bad aan dada drake a acid NS 24 24 20 22 22 
ae an a LS ak ay scenic evdgvalibsk ocak h/aninek pada 23 21 17 12 37 29 
ee RE Oy ee Foe eee 10 NS 10 NA 9 7 
Moses Lake----- PELE SOONG, Seip laa re Satna iaesdicnieten NS 10 9 10 10 7(2) 
SRS SEE SES RR Aan a See ene 15 11 14 13 29 18 
ee oe EES ER ee OR an GS PRP ER Re any ee NS 27 28 29 38 (2) 31(2) 
EE REELS Ser OE Sy ee ee eee oe ee 19 20 24 21 19 ll 
Se CNET gg ce ctcccuedeciwenn paceman adcinnatanch adie mad 22 21 22 19 25 26 
Te eee eS ae Le es ae Oe FORO 18 18 18 17 24 19 
Te SEE Ae pe ee ee 23 27 28 29 38 32 
EE eae AES 8 Oe Ie Ree Rem 10 10 9 10 9 7 
Cesium-137 
OEE EOL OTR, LTA OEE wren ae ee NS 47 NS 59 27 NS 
|. SRL SRT? ane SA NRNS He Pe ee aes NS 148 137 135(3) 116(2) 96 (2) 
EASES ee Saar Bee GRRE. > ee 135 152 82 51 143 (2) 113(2) 
IS: SE RE Ree ee ere eer 54 NS 43 55 (2) 42 33 (2) 
ee eee ieneddanwebeune NS 61 50 50(3) 50(2) 32(2) 
ene 5 a ea 129 71 93 103 102(2) 98 (2) 
REESE rt eee EE OE ON, NS 142 131 153 (3) 152(2) 144(2) 
SS Re BBE AR AR Aca eee ey eae 135 114 108 134 77(2) 51(2) 
a a I a Rae + 124 135 102 101 101(2) 83 (2) 
ee al wcrc Linuty Siwtiahem Gem eae enna eae athe 115 109 93 93 90 81 
as as nse id tase cts tn desk as hw ae ee ins ee 135 152 137 164 159 145 
I a eR, Se tS 4 C 54 47 43 47 27 26 























Key to symbols: ( ), number of samples in average. 
NS, no sample collected. 
NA, no analysis performed. 
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Table 16. Milk samples containing iodine-131 


Table 17. Milk samples containing zinc-65 



































Sampling station Date Iodine-131 Sampling station Date Zinc-65 

(1965) (pCi/liter) (1965) (pCi/liter) 
7 AME: ee ee eee ee May 25 19 NN OE ALES Se January 6 110 
4. ea ae June 1 16 EES, A PEE February 9 57 
| ES Nee June 2 19 Pe CON... dk cndecdiiccnosannedes March 3 53 
| japan ponies DON rire 
| 
water which has been shown to contain this ot | 
contaminant. : | 
To visualize general trends in strontium—90 5 sob 
and cesium-137 concentrations in Washington z | 
milk, monthly average network concentrations : . GA : 
are presented graphically in figure 14. These : | 
averages are highly artificial, as they are not ae 2 ae Ae | 
weighted according to the volume of milk from bade ete bennett pete Re SETS. 
each production area, nor do they take into ae ee ee aia th GT ore 


consideration the absence of samples from sev- 
eral stations for a particular month. 





Figure 14. Radionuclides in Washington milk, 
1962-June 1965 





8. Canadian Milk Network’ 
July 1965 


Radiation Protection Division, Department of 
National Health and Welfare, Ottawa, Canuda 


The Radiation Protection Division of the 
Department of National Health and Welfare 
began monitoring milk for strontium—90 in 
November 1955. At first, analyses were carried 
out on samples of powdered milk obtained from 
processing plants. However, since January 1963 
liquid whole milk has been analyzed instead. 
With this change, more representative sam- 
ples of milk consumed can be obtained, and 
milk sampling locations (see figure 15) can be 
chosen in the same areas as the air and pre- 
cipitation stations. At present, the analyses 
include determinations of iodine—131, stron- 
tium-89, cesium—137, and strontium—90 as well 
as stable potassium and calcium. 

The milk samples are obtained through the 
cooperation of the Marketing Division of the 
Canadian Department of Agriculture. At each 
station samples are collected three times a week 
from selected dairies, combined into weekly 
composites, and forwarded to the radiochemical 
laboratory in Ottawa. The contribution of each 


3 Prepared from information and data in the June 
1965 monthly report “Data from Radiation Protection 
Programs,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 


November 1965 


dairy to the composite sample is directly pro- 
portional to its volume of sales. In most cases, 
a complete sample represents over 80 percent 
of the milk processed and distributed in the 
area. Several of the weekly samples are ran- 
domly selected and analyzed for iodine—131. The 
results of the spot checks for iodine—131 will 
not be reported unless there is evidence that 
the levels are rising. A monthly composite of 
the samples is analyzed for strontium—90, ce- 
sium-137, and stable potassium and calcium. 


Analytical methods 


Since it represents a more sensitive method, 
radiochemistry, rather than gamma spectro- 
metry, is used to determine iodine—131 (6). 
For the analysis of radiostrontium, carrier 
strontium is added to a 1-liter sample of milk, 
and the milk is then placed in a tray lined with 
a polyethylene sheet and evaporated under 
infrared lamps. The residue is ashed in a 
muffle furnace at 450°C. and dissolved in dilute 
nitric acid; strontium is separated by fuming 
nitric acid precipitation. The combined stron- 
tium-89 and strontium—90 are determined by 
counting in a low-background beta counter. 
Strontium-90 is determined separately by ex- 
tracting and counting its yttrium—90 daughter, 
while strontium—89 is estimated by difference 
from the total radiostrontium measurement. 
Appropriate corrections are made for self- 


621 











vancouver® @roMoNTon 







catcary® @ASKATOON 


| 
| 







REGINA® 











MONTREA 
FORT WILLIAM@® “Sq OTTAWA, @* 
8 


SAULT STE. MARIE 
ap 
WINDSOR 


A _.. ST-JOHN'S 


(& 
QUEBEC Ay, Mp 


FREDERICTON 
Gasca 


@SAMPLING STATIONS 








Figure 15. Canadian milk sampling stations 


absorption and counter efficiency at all stages. 
Calcium is determined by flame photometry. 

Cesium-137 is determined by gamma 
spectrometry using a scintillation crystal 
and a multichannel pulse-height analyzer. A 
sample consisting of 4.5 liters of milk is placed 
in a sample tray constructed in the form of an 
inverted well to accommodate the 5- by 4-inch 
sodium iodide crystal detector. The sample is 
counted for 100 minutes and the gamma spec- 
trum is then recorded. Estimates are made of 
the potassium—40 and cesium—137 content of 
the milk by comparison of the spectrum with 
the spectra of standard preparations of these 
two radionuclides. With this method the potas- 
sium—40 concentration is determined and the 
Compton contribution of this radionuclide to 
the cesium—137 photopeak is subtracted to ob- 
tain the cesium-—137 concentration. The stable 
potassium content is estimated from the potas- 
sium—40 concentration. 


Sources of error 

In the iodine and strontium determinations, 
tests indicate that the statistical error (95 
percent confidence level) in the chemical opera- 
tions involved is about plus-or-minus 10 per- 
cent. This value is independent of the concentra- 
tion of the radionuclide in the milk because it 
depends only on the recovery of the carrier. In 
the determination of cesium—137 this factor is 
not involved. 

The chemical procedures error must be com- 
bined with the counting error which depends 
primarily on the concentration of the nuclide in 
the sample, the background radiation, and the 
length of time the sample and background are 
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counted. This counting error has been evalu- 
ated mathematically for the particular counting 
arrangement used. 

The overall errors, estimated on the basis in- 
dicated above, are given in table 18. 


Table 18. Total error for various radionuclide 
concentrations in milk * 





| 





| | 
Nuclide | Error for 10 | Error for 50 | Error for 100 
pCi/liter | pCi/liter | pCi/liter 
a | 
Strontium-89...............- +25% | +20% +15% 
NS EEE A Oe +15% | +10% +10% 
 , SEE +50% | +20% | +10% 
Pe ER ae De +60% | +20% | +10% 








® All errors are 2o values, representing 95 percent confidence levels. 


Results 


Table 19 presents monthly averages of stron- 
tium-90, cesium-137, and stable calcium and 


Table 19. Stable elements and radionuclides in 
Canadian whole milk, July 1965* 

















Calcium -| Potassium Stron- Cesi- 
Station (g/liter (g/liter) tium-90 um-137 

(pCi/liter) | (pCi/liter) 
Calgary pte es 1.15 1.6 25.9 89 
Rdenentom. .. 4... - << . 1.15 1.6 25.4 76 
Ft. William 1.15 1.6 30.1 124 
ES 1.09 1.6 31.9 114 
7S Se ee ee 1.18 1.6 31.4 102 
Montreal-__-_---- as 1.15 1.6 16.7 57 
Ottawa_ _- Seeks ae 1.15 1.6 15.2 57 
Quebec : ; 1.16 1.6 31.8 94 
Regina areeerte 1.00 1.6 23.1 58 
St. donna, NGd......... 1.23 1.6 53.4 204 
Sa: 1.00 1.6 17.3 56 
Sault Ste. Marie-------- 1.16 7 33.2 126 
Toronto 1.19 1.5 9.9 53 
ear 1.20 1.6 22.9 67 
Windsor - J SS 1.25 1.6 9.4 38 
Winnipeg - _ - boiisacben 1.08 1.4 22.7 77 
a ee eS | eS 
Average Saanecaed | 1.14 1.6 25.0 87 








® Due to insignificant levels of iodine-131 and strontium-89, the reporting 
of these radionuclides has been discontinued. 
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potassium in Canadian whole milk. Spot checks 
for iodine—-131 and strontium-—89 indicate that 
all samples had insignificant levels of these 
radionuclides. 


The results show that radionuclide concen- 
trations in Canadian whole milk remained well 
below the levels permissible on health grounds. 





9. Pan American Milk Sampling Program 
July 1965 


Pan American Health Organization, and 
Public Health Service 


In accordance with a joint agreement, the 
Pan American Health Organization (PAHO) 
and the Public Health Service (PHS) devel- 
oped a collaborative program for furnishing 
assistance to health authorities in the Americas 
engaged in developing programs in radiological 
health. 

Under this agreement, the PHS Division of 
Radiological Health furnishes to PAHO, on a 
loan basis, limited quantities of essential items 
of equipment and the requisite laboratory 
services to establish a surveillance program. 


Sampling procedure 


Initially, air sampling stations were estab- 
lished in Chile, Jamaica, Peru, and Venezuela. 
In August 1963, the program was expanded to 
include a milk sampling station in Caracas, 
Venezuela. Between April 1964 and August 
1964, additional stations were established in 
Jamaica at Kingston, Montego Bay, and Man- 
deville. Sampling varies according to local 
procedures. 

Under the direction of the Venezuelan Insti- 
tute for Scientific Investigation, weekly sam- 
ples are collected, preserved with formaldehyde, 
and composited monthly. 

Jamaica, under the direction of the Ministry 
of Health, collects one monthly composite on a 
rotating basis from one of the three principal 
milk areas: Montego Bay (Montpelier), Man- 
deville, and Kingston (Spanish Town). All 
samples are sent to the PHS Southeastern 
Radiological Health Laboratory for analyses. 


Analytical procedures 


Iodine-131 and cesium-137 are determined 
by gamma scintillation spectrometry. Stron- 
tium-89, strontium-90, and barium-140 are 
determined radiochemically (3). Analytical er- 
rors are discussed in the “Analytical Proce- 
dures, Pasteurized Milk Network,” page 607. 


November 1965 


Data presentation 


Table 20 presents stable calcium and potas- 
sium, strontium-89, strontium—90, and cesium— 
187 monthly average concentrations. The 
monthly average iodine-131 and barium—140 
concentrations in milk were less than 10 pCi/ 
liter. 

For comparison purposes, the radionuclide 
concentrations at Cristobal, Canal Zone, and 
San Juan, Puerto Rico, are presented. 


Table 20. Stable element and radionuclide 
concentrations in milk, PAHO, July 1965 























Stron- Stron- Cesium 
Sampling station | Calcium |Potassium| tium-89 | tium-90 137 
(g/liter) | (g/liter) (pCi/ (pCi/ (pCi/ 
liter) liter) liter) 
Canal Zone: 
Cristobal _ —-..-- 1.10 1.5 <5 4 30 
Jamaica: 
Kingston - - -- - -- NS NS NS NS NS 
Mandeville_ _ _ _ - 1.19 1.59 <5 9 190 
Montego Bay - - - NS NS NS NS NS 
Puerto Rico: 
Ban JG68....... 1.10 1.6 <5 10 45 
Venezuela: 
Caracas....... 1,23 1.46 <5 3 15 





NS indicates no sample collected during this period. 
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APPLICATION OF RADIONUCLIDE CONCENTRATIONS IN MILK TO 
INTAKE GUIDES, JULY 1964-JULY 1965 


Division of Radiological Health, Public Health Service 


The concentrations of specific radionuclides 
in milk analyzed as part of the Pasteurized 
Milk Network (PMN) are reported on a 
monthly basis in RHD. In terms of radiological 
health surveillance activities, an important 
aspect of these data is the estimation of result- 
ant radiation dose to population groups. 

Approximate relationships between certain 
radionuclide intakes and dose have been ap- 
plied to the formulation of daily intake guides 
(1) and permissible concentrations in selected 
environmental media (2). Although these 
guides are not themselves directly applicable to 
worldwide fallout, a comparison with environ- 
mental contamination levels does yield a meas- 
ure of population dosage. In general, intake- 


dose and dose-biological effect relationships - 


used in formulating the guides cited are based 
on continuous intake over an entire lifetime. 
However, for general surveillance purposes, 
yearly average intakes, used with discretion, 
may be compared directly with the levels 
adopted as lifetime intake guides. Thus, the 
radionuclide concentrations in milk, averaged 
over a year’s time, together with milk consump- 
tion data, might be used in conjunction with 
the references cited above to approximate the 
radiation dose to a specific population group 
from a specific radionuclide. Table 1 presents 
annual averages of radionuclide concentrations 
in milk sampled by the PMN. Limited data are 
available for estimating the average daily milk 
consumption (on a volume basis) for specific 
age groups in the U.S. population (3, 4). 
Total dietary intake is of prime interest, and 
since the intake via milk consumption consti- 
tutes only a portion of the total radionuclide 
intake, the relationship of milk intake to total 
dietary intake is of importance in evaluating 
milk surveillance data. The Federal Radiation 
Council (5) notes: “A number of studies have 
shown that conservative estimates of the stron- 
tium-90 to calcium ratio in the total diet may 
be made by multiplying the ratio of strontium— 
90 to calcium in milk in a particular locality by 
1.5.”" Thus, a rough index of the total dietary 
intake of strontium—90 on an annual basis may 


1This ratio may vary from 1 to 2, depending on 
changes in rate of fallout deposition and relative con- 
sumption of non-milk products whose contamination 
reflects temporal and local deposition patterns (6). 
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be made from PMN annual averages by using 
this factor and the assumptions of approxi- 
mately 1.2 grams of calcium per liter in PMN 
samples and a 1.0 gram daily intake of calcium. 

In the case of iodine-131, milk can be con- 
sidered the major source because of the rapid 
distribution and consumption of fresh milk. 
With most other foods, normal processing and 
distribution allows time for this short-lived 
nuclide to decay to insignificant levels. 

The situation with respect to strontium—89 
is more complicated. Its half-life of some 50 
days makes it difficult to estimate the relative 
contribution made by sources other than milk 
to the total dietary intake. 

The relative contribution of milk to the total 
dietary intake of cesium—137 is not well defined 
and depends principally on the amount of 
freshly deposited cesium-—137 on products used 
for human and animal consumption, and the 
progress of cesium—137 through the food chain. 

The data in table 1 are calculated as follows: 
results from all samples collected in each week 
(Sunday through Saturday) are averaged, and 
the averages for all weeks terminating in each 
of 12 consecutive months are averaged to obtain 
the annual average’. To obtain the annual 
average daily intake (pCi/day) of radionu- 
clides from milk, the annual average concentra- 
tion values (pCi/liter) in table 1 must be mul- 
tiplied by the annual average daily consumption 
(liters/day) of milk. 

Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as meteorologic condi- 
tions and dairying practices, apart from con- 
siderations of original sources of radionuclides. 
The moving yearly average (table 1) obtained 
by updating the previous 12-month average by 
1 month, shows variations averaged over the 


year and tends to minimize purely seasonal 
variations. 


REFERENCES 


(1) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). Price 20 cents. 
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Table 1. Average radionuclide concentrations in milk for the 12-month periods, * 
July 1964-June 1965 and August 1964-July 1965 

















Strontium-89 Strontium-90 Iodine-131 Cesium-137 
‘ (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling locations 
July '64- ine. *64— | July '64— | Aug '64— | July '64— | Aug. '64-| July '64- | Aug '64— 
June "65 July '65 June '65 July "65 June '65 July '65 June '65 July '65 
Ala: Montgomery -_-____-__ ___--- 3 3 19 19 0 0 56 53 
Aleka:  Poaleer.....<.-...-..-.-.. 3 3 18 17 1 1 78 73 
Ariz: as alr Tas Keli en 3 3 5 5 0 0 24 24 
Ark: eS ae ee. 4 5 36 35 2 2 70 68 
Calif: Sacramento-_--__..-..---- 3 3 7 7 1 1 31 30 
San Francisco------------ 3 3 8 8 0 0 32 31 
C. Z: ic 06 dives igh tr vedio cones 3 3 5 5 0 0 44 42 
Colo I iw ciao te tnaecitct mint 3 3 18 18 1 1 77 71 
Conn ee Fe en 3 3 18 17 0 0 91 85 
Del: I é.. wencacalnites 3 3 19 18 2 2 76 71 
D.C: Washington---_----------- 3 3 17 17 2 2 56 53 
Fla: tn EI Sa 3 3 14 13 0 0 200 194 
Ga: PE ne Seen 3 3 27 26 1 1 92 86 
Hawaii: Honolulu___ _....-------- 3 3 1l 11 0 0 66 64 
Idaho: EL... « cnaere>nnee 3 3 21 20 2 2 100 93 
Ill: hh Rea Tei 3 3 17 16 2 2 81 75 
Ind: Indianapolis_-_------------ 3 3 17 16 4 4 65 60 
Iowa I otitis aeinintnnll 4 4 22 22 6 6 60 56 
Kans ele lle apeiron 3 3 18 18 2 2 48 46 
Ky DID». din dgnacweebee 4 4 24 23 2 2 50 47 
La: New Orleans------.------- 5 5 43 41 2 2 88 
Maine | EE Be 3 3 24 23 2 2 144 137 
Md: Ee eee 3 3 19 18 2 2 61 58 
Mass: aye CG Sa 3 3 25 23 0 0 142 133 
Mich: i caitlin titative sgl 3 3 16 15 3 3 81 75 
Grand Rapids------------ 3 3 19 18 2 2 90 84 
Minn Minneapolis-------------- 6 7 26 26 6 5 92 86 
Miss: ES 3 3 34 33 1 1 64 60 
Mo: PND GHEE... cacindeccone 5 5 23 22 8 . 50 47 
Oe een eee 3 4 18 18 4 4 49 45 
Mont: ila Seg Pa SE Re 3 3 18 18 3 3 97 92 
Nebr: a ae ao 3 3 21 20 4 4 60 56 
Nev: BG WOR in cunicctinadee 3 3 7 7 2 2 45 42 
N. H: ET... caeehemaawe 3 3 25 25 1 1 164 154 
N. J: , ss SEES 3 3 16 16 1 1 77 72 
N. Mex: Albuquerque---.--.-------- 2 2 10 10 1 1 42 39 
N. Y lot hin de Meni shi cole 3 3 17 16 0 0 100 93 
a 3 3 21 20 2 2 102 95 
ES  actwcbiesnceed b3 3 b16 16 b1 1 b 86 82 
N. C: 0 See 3 3 32 30 1 1 74 69 
We Pade cccdtutédacscene 6 7 49 47 2 2 124 115 
Ohio: EE a ES 3 3 18 17 2 2 59 55 
OO 3 4 18 18 2 2 82 76 
Okla: Oklahoma City-......---- 4 4 19 19 2 2 49 46 
Ore: i it ead 3 3 24 23 0 0 111 98 
Pa: | | “RE es 3 3 17 17 0 0 74 68 
ccuséundeumbats 3 4 25 24 2 2 101 94 
P.R SE, pore 3 3 11 11 1 1 56 53 
R. I: PIL, cana caccancena 3 3 20 19 0 0 108 102 
8. C: Oe eer 3 3 29 29 1 1 98 95 
S.Dak: Rapid City............... 5 7 33 30 3 4 119 110 
Tenn Chattanooga - - ----------- 4 4 33 32 1 1 71 67 
IRS. Secdcaiisciuocua 3 4 26 25 2 2 46 44 
Tex pT AG EIS 3 3 8 8 1 2 29 29 
| Se Sears 3 3 18 17 1 1 42 40 
Utah: Salt Lake City........--- 3 3 23 22 2 2 126 117 
Vt: NN, 5 cas ceceue 3 3 22 21 2 2 118 111 
Va: ona ins ninndcnmeaiea 4 4 16 16 2 3 64 60 
Wash: NN ee en hoe amie beatin 3 3 24 23 0 0 115 104 
OR os. wks nadestbnid 3 3 25 25 0 0 104 97 
Ts WOE: | MEL, o:tshcen~saweon 4 4 19 19 2 2 45 43 
Wis: ore eae 3 3 15 14 3 3 90 85 
Wyo: ES 5 ed 3 3 16 15 2 2 77 71 
Network average..................- 3 3 20.3 19.6 2 2 80 75 





























® Annual averages for barium-140 at each station were <2 pCi/liter. 
b Annual averages were computed on basis of 48 weekly averages. 


(2) NATIONAL COMMITTEE ON RADIATION 
PROTECTION. Maximum permissible body burdens 
and maximum permissible concentrations of radio- 
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sure. National Bureau of Standards Handbook 69. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (June 5, 
1959). 

(?) BUREAU OF CENSUS and PUBLIC HEALTH 
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(May 1963). Price 20 cents. 
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CESIUM-137 IN FRESHWATER FISH: HUMAN CONSUMPTION 
AND BODY BURDEN CONSIDERATIONS! 


P. F. Gustafson ? 


Measurements of cesium-—137 in freshwater 
fish made at Argonne National Laboratory dur- 
ing the first half of 1965 indicated relatively 
high concentrations (1). The fish examined 
were purchased in food markets in the Chicago 
area and, for the most part, were fresh or 
frozen dressed ready for cooking. Frozen fish 
may be kept for a considerable time without 
spoilage; hence, those samples investigated 
may have included fish actually caught during 
the 1964 season, or perhaps even earlier. The 
work of Hasaénen and Miettinen in Finland 
showed comparable or slightly lower levels in 
freshwater fish caught during 1961 and 1962 
(2). More recently Kolehmainen et al. reported 
increased concentrations in fish from the same 
lakes during 1963 and early 1964 (3). Analyses 
of the Chicago portion of the foods collected as 
part of the Tri-City Diet Sampling Program 
showed exceptionally high cesium—137 concen- 
trations in fish on several occasions prior to 
1965 (4). The fish purchased in the Tri-City 
study were usually ocean varieties, with ocean 
perch, cod, and halibut predominating. When 
freshwater fish were included, they were mixed 
with the other varieties and the homogenized 
batch of fish was measured for cesium—137. 
Thus the present observation of high cesium— 
137 levels in freshwater fish need not be con- 
sidered a sudden or recent occurrence; nor is 
there any reason to presume it to be a local 
phenomenon. Due to the efficient processing and 
distribution of fish and fish products, fresh- 
water fish containing similar concentrations of 
cesium-137 should be readily available on the 
commercial market throughout most of the 
United States and Canada. 

Cesium-137 concentrations found in several 
of the more important freshwater species 
ranged from 180 pCi/kg (wet weight) in 
whitefish, to more than 4,000 pCi/kg in some 
of the larger predators such as lake trout and 





1 Work supported by the U.S. Atomic Energy Com- 
mission. 

2 Dr. Gustafson is an associate physicist with the 
Division of Biological and Medical Research, Argonne 
National Laboratory, 9700 South Cass Avenue, Ar- 
gonne, Illinois 60440. 
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pike, as shown in table 1. For comparison, the 
levels seen in a number of marine species, 
ranging from 10 to approximately 100 pCi/kg, 
are also listed in table 1. Although not all 
commercially important varieties of freshwater 
fish have as yet been examined, table 1 clearly 
indicates that in every case thus far, the con- 
centration of cesium-137 was substantially 
greater in freshwater than in marine species. 


Table 1. Range of cesium-137 and potassium concentrations 
and 137Cs/K ratio observed in freshwater and ocean fish 
purchased during January to August 1965 











137Cs (pCi/kg | Potassium 137Cs/K ratio 
Species ! wet weight) (g/kg wet (pCi/g) 
weight) 
Freshwater fish 
NS ee ee 2, 210-4, 230 2.49-3 .50 890-1, 230 
Northern pike_____-_-_-_- 1,170-4,100 2.47-3.58 440-1, 210 
J | lS air 180-2, 800 2.68-3.77 55-800 
name perch..........<.- 330-1,105 2.96-3 .40 110-390 
eo Aivginc cixiccm nbs 680-1 , 400 3.10-3.50 220-430 
ee? 325-430 2.60-3 .30 125-160 
Ocean fish 
Sal TER nee 29-43 3.90-4.17 7-10 
SS SS 53-66 3.70-4.02 14-16 
| RSIS 62-69 5 .26-5.35 12-13 
“See 24-39 2.88-3.10 8-12 
Ocean perch.........-.. 32-56 3.08-3.11 10-18 
Ocean catfish __--_------- 43-59 4.04-4.15 11-14 
men Gneee... ......6.: 12-21 1.76-1.95 7-11 
a ee 71-93 3.51-3.66 20-25 














1 The common or commercial names of fish are used here instead of the 
scientific (taxonomic) names because of the difficulty in determining the 
latter with any precision in the case of frozen, dressed fish. 

2? Smoked chubs were analyzed. 

3 Salmon also contained concentrations of manganese-54 comparable 
to that of cesium-137. 


The capacity of various members of a fresh- 
water aquatic system to concentrate cesium— 
137 to a high degree was illustrated in the work 
of Pendleton and Hanson in 1958, when they 
investigated a number of species of aquatic 
animals living in a freshwater pond contam- 
inated with cesium—137 (5). The most impor- 
tant factor governing the uptake of cesium—137 
in going from one trophic level to another ap- 
pears to be the **°Cs/K ratio itself. Because 
of the higher concentration of potassium in sea 
water (approximately 380 parts per million) 
relative to that in fresh water (a few parts per 
million), equal concentrations of cesium—137 in 
the two media will result in a higher ***Cs/K 
ratio in fresh water. Pendleton et al. have ob- 
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served on the order of a threefold increase in 
the *™*"Cs/K ratio in proceeding from one 
trophic level to the next higher level in both 
freshwater and terrestrial environments (6). 
These authors attribute the increase in ratio 
to the longer biological half-life of cesium rela- 
tive to potassium. Thus, the cesium-137 con- 
centration in a specific fish should be a function 
of the ***Cs/K ratio in the water and the 
position of the fish on the trophic scale. 


Relative consumption of fish 


The immediate interest in the cesium—137 
levels in freshwater fish relates to the concen- 
tration of cesium-—137 in the human body which 
may result from the eating of such fish. In 
general, the U.S. population is not heavily 
dependent upon aquatic food (7.e., fish) as a 
source of protein. This is illustrated by statis- 
tics for 1964 which showed that the average 
annual per capita consumption of fish in the 
United States was 4.8 kg, placing it fourth (in 
terms of mass consumed) in dietary importance 
as a protein source after milk (187 kg), meat 
(77 kg), and poultry (including turkey, 17 kg) 
(7). The bulk of fish eaten in this country come 
from the ocean; of the nearly one billion kg of 
fish actually consumed by man in the United 
States in 1964, only 4 to 5 percent (making 
some allowance for fish caught by sport fisher- 
men) were freshwater fish (8). It should be 
emphasized, however, that the total gross 
weight of fish caught by U.S. fishermen, and 
imported, amounted to 5.7 billion kg in 1964 
(8). The 4.6 billion kg of nonedible fish and fish 
products stayed nonetheless within the broader 
confines of the food chain, since fish meal is 
used as an animal and poultry feed, and fish 
fertilizer is used in agriculture. 


Cesium—137 intake from fish 


The cesium—137 level in the composite Chi- 
cago diet has been determined quarterly since 
April 1961 as part of the Argonne contribution 
to the Tri-City program. In April 1965, the 
adult intake of cesium-137 according to this 
diet was 140 pCi/day contained in 1.85 kg of 
food. In this particular sampling, the fish 
portion of the diet consisted of halibut, cod, 
haddock, sole, ocean perch, pike, trout, and 
whitefish, the latter three species being from 
fresh water. The arithmetic average concen- 
tration of cesium-—137 in all fish contributes a 
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daily intake of 8 pCi/day, assuming an annual 
consumption of 8 kg of fish. The excess over the 
national average, 8 kg versus 4.8 kg, is pre- 
sumably due to the proximity of New York 
City, Chicago, and San Francisco to an abun- 
dant supply of fish. By using the April 1965 
concentrations of cesium-—137 instead of taking 
the arithmetic average, assuming that 5 per- 
cent of the daily intake came from freshwater 
fish (average concentration of 930 pCi/kg), 
and the other 95 percent came from ocean fish 
(average concentration of 27 pCi/kg), then the 
daily intake due to fish would be less than 2 
pCi/day. 

The important fact to bear in mind, however, 
is that the above are average figures, and some 
population groups may eat substantially larger 
amounts of fish. There are also individual per- 
sons who eat fish in preference to meat or poul- 
try. In addition to such dietary preferences, 
one must consider religious, cultural, and health 
factors which may also cause an increase above 
the national average. Proximity to an abundant 
supply of fish has already been cited as a reason 
for increased intake of cesium. Further influ- 
ence in this direction can be visualized in re- 
mote areas where fishing is the principal means 
of livelihood. Of particular interest in regard 
to cesium-137 would be fishing camps and 
processing plants located along freshwater 
lakes and streams in remote localities. 

Changes in the diet can be made which will 
produce an increase in freshwater fish con- 
sumption, and in turn may cause an increase in 
the cesium-—137 whole-body burden. The rela- 
tionship between the level of cesium-137 in 
the diet and that in man, under near equili- 
brium conditions, has been investigated using 
the Tri-City diet results and whole-body coun- 
ter measurements made at Argonne. The aver- 
age cesium-137 intake for Chicago adults dur- 
ing the first 9 months of 1964 was computed to 
be 201.5 pCi/day, and the corresponding aver- 
age potassium intake was 4.5 g/day, resulting 
in an average ratio in the entire diet of 44.8 
pCi/g K. The average daily potassium intake 
observed during 1962 through 1964 was 
45 + 0.39, and a value of 4.5 g/day will 
be used in all subsequent calculations of 
187Cs/K values. In September 1964 whole-body 
measurements by Miller showed an average 
187Cs/K ratio of 139.8 pCi/g K in 8 Argonne 
employees (9). 
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The increase ratio shown in equation 1, 


(87Cs/K) man 139.8 

(187Cs/K) diet 44.8 
was 3.12, in accord with the findings of Pendle- 
ton et al. (6), referred to previously. This 
would seem to indicate that the factor of 3 
increase in '**Cs/K ratio applies also in the 
case of man relative to his diet, and will be used 
in subsequent calculations. 

As mentioned previously, in April 1965 the 
cesium—137 content of the composite adult diet 
in the Chicago area was 140 pCi/day; this, 
coupled with a potassium intake of 4.5 g, 
yields a '**Cs/K ratio of 31.1 pCi '*Cs/g K. 
The cesium-137 and potassium intakes from 
various categories of foodstuffs, as well as the 
87Cs/K ratio for each component, are shown 
in table 2. Milk, meat, and grain products ac- 
count for 80 percent of the daily intake of 
cesium-—137 and nearly 50 percent of the daily 
intake of potassium. Even in the case of mixed 
fish, the **’Cs/K ratio in fish is higher than 
any of the other diet components, being fol- 


lowed by grain products, meat, and milk, in 
that order. 





=3.12, Eq. 1 


Table 2. Cesium-137, potassium, and !37Cs/K ratio 
in the adult Chicago diet, April 1965 











Diet component Cesium-137 Potassium 137C38/K, 

(pCi/day) (g/day) (pCi/g K) 
ES ee 47.2 1.09 43.3 
TE ee ore ey 36.2 0.63 57.5 
Grain products- _ - -- 31.7 0.43 73.7 
eae 11.1 0.66 16.8 
Fish (mixed) - . --_--- 8.0 0.09 88.9 
Vegetables -_ -_---_-_--- 3.6 1.39 2.6 
a accaales abit RS 0.12 12.5 
EES aS 0.8 0.07 11.4 
, So Sr eee 140.1 4.48 31.2 














® Weighted total on the basis of the amount of each component consumed 
per day. 

The '*7Cs/K ratio in man at or near equili- 
brium with a diet containing a ratio of 31.1 
pCi/g K would be approximately 100 pCi/g K. 
Assuming a standard 70 kg man to contain 140 
g of potassium, a level of 100 pCi/g K corres- 
ponds to a total cesium-—137 body burden of 
14,000 pCi or 14 nCi (nanocuries).* This 
cesium-137 body burden is in accord with 
whole-body measurements made slightly prior 
to this time (10). 


3 Editor’s note: For reference, NBS Handbook 69 
(13) lists the following Maximum Permissible Body 
Burdens of 127 Cs: 

For radiation workers (occupational), 30 uCi. 

For individuals in the general population, 3 »Ci. 

For the average person in the general population, 

1 »Ci. 
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Consider an individual who divides the pro- 
tein intake (81 kg/year) assumed to come 
from fish (8 kg/year) and meat (73 kg/year) 
equally between fish and meat, other diet com- 
ponents remaining the same. If all the fish 
were from fresh water, the cesium—137 intake 
would become 218 pCi/day, and the **"Cs/K 
ratio would be 48.8 pCi/g. Limiting the entire 
protein intake of 81 kg/year to freshwater fish 
would raise the cesium—137 intake to 302 pCi/ 
day, with a **"Cs/K ratio of 67.5 pCi/g, which 
would lead to a body burden of 28 nCi at 
equilibrium, or double the observed level in the 
Chicago population in April 1965. 

An annual consumption of 81 kilograms of 
meat and fish amounts to slightly under a half- 
pound of protein per day. People on a less 
varied diet, surrounded by an ample supply of 
fish and little else, might be expected to eat 
more than a half-pound of fish per day. Miet- 
tinen et al., in studying the Lapland diet, found 
that the male Lapp eats on the average more 
than 500 grams of meat and fish per day (11). 
It should also be borne in mind that the concen- 
tration of 930 pCi/kg of wet weight observed 
in freshwater fish in April 1965 is surpassed in 
a number of instances, as shown in table 1. The 
mean value of several dozen northern pike from 
Red Lake, Minnesota, measured at Argonne 
was approximately 3,000 pCi/kg (approxi- 
mately 1,000 pCi/g K). Fish at this cesium- 
137 level eaten in the amount of 1 pound per 
day would lead to an equilibrium body burden 
in the standard man of 420 nCi. Cesium-—137 
concentrations in freshwater fish, higher by 
factors of 3 to 6, have been observed by 
Canadian and Finnish investigators during 
1964 and 1965 (3, 12). 

Evidence of the importance of freshwater 
fish as a dietary source of cesium—137 has come 
from the studies of Lapps and Eskimos. These 
people obtain much of their cesium-137 from 
eating caribou and/or reindeer. However, fish 
are also plentiful and, more importantly, avail- 
able on a year-round basis. Miettinen found in 
1962 that 10-15 percent of the cesium-137 in- 
take in Lapps came from fish (no differentia- 
tion between freshwater and ocean fish was 
made) at a time when the whole-body burdens 
were 200-400 nCi, thus implying that 20 to 60 
nCi came from fish (11). In 1964 Bird et al. 
noted two segments of the Canadian Eskimo 
population whose body burdens were several 
hundred nCi but who ate little or no caribou or 
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reindeer (14). It would thus appear that even 
in the case of persons eating caribou and rein- 
deer, freshwater fish are making a substantial 
contribution to the total body cesium-—137 bur- 
den, even though the levels of cesium—137 in 
fish observed thus far are lower than those 
found in caribou and reindeer. 

There is thus strong suggestive evidence 
that body burdens of the order of 0.1 »Ci (100 
nCi) could be attained by people not dependent 
upon caribou or reindeer for food, but subsist- 
ing to a large extent upon fish and other natural 
forms such as deer or other mammals which 
might also be expected to have substantial con- 
centrations of cesium-—137. Interest in these 
fish-eating populations should approach that 
being given to the Lapps and Eskimos, particu- 
larly since their number may well exceed that 
in the caribou-reindeer eating population. The 
fish-eaters thus comprise a potentially impor- 
tant subgroup of the population and more in- 
formation about them should be obtained. 

Having established the existence of relatively 
high cesium-137 levels in freshwater fish, a 
further question is, how do these levels change 
with time, and in particular, what future levels 
may we expect? The biologic half-time of ces- 
ium in fish is short (5-10 days) (15); thus, 
changes in the cesium-—137 content in the diet 
of the fish will cause rapid changes in the body 
burden of fish. There are seasonal changes in 
the eating habits of fish, and there are also 
changes in the deposition of cesium—137 
throughout the year. Analyses of fish specimens 
collected over past years—particularly the 
crucial years 1957-1964—would be invaluable 
in this regard. Such data used in conjunction 
with cesium—137 deposition and accumulation 
data could establish future trends on the basis 
of past behavior. 

The presence of readily measurable quanti- 
ties of cesium-—137 in freshwater fish makes it 
possible to conduct a variety of investigations 
of environmental contamination, not all of 
which relate solely to radioactive contamina- 
tion. The most obvious opportunity is probably 
that of studying the freshwater ecosystem it- 
self. Some groups in the fish-eating population 
offer perhaps an unmatched opportunity to 
study a remote, nonmobile population largely 
unaffected by the averaging and dilution proc- 
esses inherent in modern food technology, yet 
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very strongly affected by the surrounding en- 
vironmental factors. A detailed and imaginative 
investigation could provide the basis for the 
sound evaluation of the mechanisms and ef- 
fects of localized (in the broad sense) contam- 
ination—a matter of current and lasting con- 
cern to radiation surveillance and protection 
groups. Furthermore, such an investigation, in- 
volving a variety of disciplines, could yield 
much basic information on the movement, up- 
take, retention, and elimination of contamin- 
ants in a real situation which could not be 
duplicated in the laboratory. 
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Section [[1]— Water 


GROSS RADIOACTIVITY IN SURFACE WATERS OF THE 


UNITED STATES, MAY 1965 


Division of Water Supply and Pollution Control Public Health Service 


Levels of radioactivity in surface waters of 
the United States have been monitored by the 
Public Health Service Water Pollution Sur- 
veillance System since its initiation in 1957. 
Beginning with the establishment of 50 sam- 
pling points, this system has been expanded to 
include 131 stations. These stations are oper- 
ated jointly with other Federal, State, and local 
agencies, and with private industries. Samples 
are taken from surface waters of all major 
U.S. river basins for physical, chemical, bio- 
logical, and radiological analyses. The system 
provides background information necessary for 
recognizing water quality trends and for deter- 
mining current and general levels of surface 
water contamination and early detection of 
specific situations which may warrant more de- 
tailed evaluation. Data assembled through the 
system and exact locations of sampling points 
are published in annual compilations (1-8). 


Sampling procedures 


The participating agencies collect 1-liter 
“grab” samples each week and ship them “as 
is” to the Surveillance System Laboratory in 
Cincinnati for analysis. Gross alpha and gross 
beta radioactivity determinations on the sus- 
pended and dissolved solids are performed as 
frequently as deemed necessary. Presently, gross 
alpha and beta determinations are made either 
on monthly composites of the weekly samples 
or on each weekly sample. Weekly alpha and 
beta determinations are scheduled for stations 
located downstream from known potential 
sources of radioactive waste. Weekly analyses 
are conducted at all newly established stations 
for the first year of operation. Weekly analyses 


November 1965 


are also scheduled for selected stations in an 
effort to detect short term increases in radio- 


activity from current or recent nuclear tests 
or events. 


Analytical methods 


The analytical method for determining gross 
alpha and beta radioactivity is described in the 
eleventh edition of “Standard Methods for the 
Examination of Water and Wastewater” (9). 
Suspended and dissolved solids are separated 
by passing the sample through a membrane 
filter (type HA) with a pore size of 0.45 mi- 
cron. Planchets are then prepared for counting 
the dissolved solids (in the filtrate) and the 
suspended solids (on the charred membrane 
filter) in an internal proportional counter. 
Reference sources of U;0s, which give a known 
count rate if the instrument is performing prop- 
erly, are used for daily checking of the counter. 

Normally, samples are counted within 2 
weeks following collection or within 1 week 
after compositing. The decay of activity is fol- 
lowed for each sample for which the first analy- 
sis shows unusually high activity. Also, if a 
recount indicates that the original analysis 
was questionable, values based on the recount 
are recorded. All results are reported for the 


time of counting and are not extrapolated to 
the date of collection. 


Results 


Table 1 presents the most recent results of 
alpha and beta analysis of U.S. surface waters. 
The stations on a river are arranged in the 
table according to their relative locations, the 
first stations listed being closest to the head- 
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Table 1. Radioactivity in raw surface waters, May 1965* 


(Average concentrations in pCi/liter) 
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See footnote at end of table. 





























Radiological Health Data 








Beta activity Alpha activity Beta activity Alpha activity 
Station Station 
Sus- Dis- | Total | Sus- Dis- Total Sus- Dis- | Total | Sus- Dis- | Total 
pended | solved pended | solved pended | solved pended | solved 

Allegheny River: Mississippi River: 

Pittsburgh, Pa_--_--- 1 5 6 0 0 0 St. Paul, Minn-__---- 5 29 34 1 4 5 

Animas River: Dubuque, Iowa- ---- 5 15 20 1 1 2 
Cedar Hill, N. Mex_- 7 7 14 1 Burlington, Iowa_--- 4 16 20 1 1 2 

Apalachicola River: E. St. Louis, Ill__-_-- 1 16 27 2 3 5 
Chattahoochee, Fla_- = _— _: oo -- i Cape Girardeau, Mo- ae os —_ — _— — 

Arkansas River: W. Memphis, Ark--- 5 16 21 1 1 2 
Coolidge, Kans------ 273 37 310 96 23 119 Vicksburg, Miss_---- 13 12 25 3 0 3 
Ponca me Okla_--- 37 16 53 13 3 16 “Sa 16 13 29 5 1 6 
Fort Smith, Ark---- 15 18 33 5 2 7 New Roads, La----- 10 11 21 3 0 3 
Little Rock, Ark---- 219 15 234 30 1 31 New Orleans, La---- 12 12 24 5 1 6 
Pendleton Ferry, Missouri River: 

Op SS 8 15 23 2 2 4 Williston, N. Dak-_-- 7 18 25 2 4 6 

Atchafalaya River: Bismarck, N. Dak--- 16 20 36 6 4 10 
Morgan City, La---- 48 11 59 20 1 21 Yankton, S. Dak_--- 2 27 29 0 6 6 

Bear River: Omaha, Nebr------- 26 19 45 7 4 ll 
Preston, Idaho------ 2 12 14 1 2 3 St. Joseph, Mo-_----- 71 20 91 18 3 21 

Big Horn River: Kansas City, Kans-- 14 24 38 5 5 10 
Hardin, Mont- -- --- 69 20 89 13 7 20 Missouri City, Mo-- — —- —_ —_— —_— —_ 

Big Sioux River: St. Louis, Mo-_------ 30 23 53 7 2 9 
Sioux Falls, S. Monongahela River: 

(RRR IR reer 7 33 40 1 5 6 Pittsburgh, Pa___--- 1 5 6 0 1 1 

Chattahoochee River: North Platte River: 

Attianta, Ge... ...-.- —_ ome ~— — ote ~~ Henry, Nebr___-_---- 11 32 43 1 22 23 
Lanett, Ala__..----- 2 4 6 0 0 0 Ohio River: 
Columbus, Ga- - - --- 0 4 4 0 0 0 Toronto, Ohio------ 1 8 9 0 0 0 

Chena River: , Addison, Ohio------ —_ — _ _ _ _ 
Fairbanks, Alaska --- 5 9 14 1 1 2 Huntington, W. Va_- _ _ _ — _ _ 

Clearwater River: Cincinnati, Ohio---- 0 5 5 0 0 0 
Lewiston, Idaho----- 3 3 6 <1 0 <1 Louisville, Ky_-__--- 3 6 9 0 1 1 

Clinch River: Evansville, Ind_- --- 9 7 16 2 0 2 
Clinton, Tenn- ----- 1 3 + 0 0 0 oo ae 7 8 15 1 1 2 
Kingston, Tenn- ---- ine —_ —_ — — —_ Ouachita River: 

Colorado River: Bastrop, La_-_-_----- _— _ _ — _ — 
Loma, Colorado- --- - 114 15 129 123 3 126 Pend Oreille River: 

Page, Ariz_...------ 2 25 27 0 9 Albeni Falls Dam, 
Boulder City, Nev-- — —_ —_ —_ — _ a 3 4 7 0 <1 <1 
Parker Dam, Calif- || Platte River: 

| ecennaalyaaiing ae 2 22 24 0 9 9 Plattsmouth, Nebr-_- 307 22 329 79 82 
Yuma, Aris........- 1 31 32 0 0 0 Potomac River: 

Columbia River: Williamsport, Md_- -- 1 3 4 0 0 0 
Northport, Wash_---- 1 4 5 0 1 1 Great Falls, Md-_---- 1 5 6 0 0 0 
Wenatchee, Wash - -- 1 5 6 0 1 1 Washington, D. C__- 1 4 5 0 0 0 
Pasco, Wash-------- 21 105 126 0 1 1 Rainy River: 

McNary Dam, Ore- - 37 96 133 1 0 1 Baudette, Minn-_---- 3 20° 23 0 <1 <1 
Bonneville, Ore - - --- eran — — ao i —_ International Falls, 
Clatskanie, Ore__--- 90 48 138 1 0 1 Sa 2 18 20 0 0 0 

Connecticut River: Raritan River: 

a} 1 5 6 0 0 0 Perth Amboy, N. J-- — _ _ — oa _ 
Northfield, Mass- - -- 24 4 28 4 0 4 || Red River, North: 
Enfield Dam, Conn- 2 5 7 1 0 1 Grand Forks, N. Dak- 12 35 47 3 3 6 

Coosa River: Red River, South: 
meee, Ge.....-.... 2 6 8 <i 0 <1 Denison, Tex------- 1 24 25 0 2 2 

Cumberland River: Index, Ark___...--- — — — — — _ 
Cheatham Lock, Bossier City, La__-_- 2 17 19 0 3 3 

_ | Sra 0 5 5 1 0 1 Alexandria, La__-_--- 16 15 31 7 1 8 

Cuyahoga River: Rio Grande: 

leveland, Ohio----- 3 23 26 1 1 2 Alamosa, Colo. ----- — —_ — — _ —_ 

Delaware River: El Paso, Tex__._---- 6 18 24 1 5 6 
Martins Creek, Pa_- 1 12 13 0 0 0 Laredo, Tex_..._-_- 46 15 61 10 2 12 
Trenton, N.J_--.---- 1 5 6 0 0 0 Brownsville, Tex___- —_ _ — <n — - 
Philadelphia, Pa---_- 1 4 5 0 0 0 || Roanoke River: 

Escambia River: John H. Kerr Resr. 

Century, Fla--_----- 1 4 5 0 0 0 & Dam, Va-_.----- 1 5 6 0 
Great Lakes: Sabine River: 
Duluth, Minn- ----- 1 3 4 0 0 0 Ruliff, Texas------- 6 12 18 0 
Sault Ste. Marie, Sacramento River: 
| 4 5 9 0 0 0 Greens Landing, 
Milwaukee, Wis-_---- 0 6 6 0 0 0 Retr _ — _— _ _ _ 
ee ~~ aaa 1 6 7 0 0 0 || St. Lawrence River: 
Port Huron, Mich-_-- 0 8 8 0 0 0 Massena, N. Y___--- 11 0 0 0 
Detroit, Mich_____-- 0 6 6 0 0 0 || San Joaquin River: 
Buffalo, N.Y__----- —_ _ — —_ “ — Vernalis, Calif _____- 10 1 0 

Green River: San Juan River: 

- Dutch John, Utah__- 1 22 23 0 4 4 ‘ aeigoes, Mex..-- 25 11 36 8 2 10 
udson River: avannah River: 

Poughkeepsie, N.Y_- 2 6 8 0 0 0 North Augusta, S. C-_ 2 6 8 0 0 0 

Illinois River: Port Wentworth, Ga- 3 8 11 <1 0 <1 
Peoria, Ill_.....-.-- 12 15 27 3 2 5 || Schuylkill River: 

Grafton, Ill____----- _ _ = —_ —_ mat Philadelphia, Pa_-__- 1 9 10 0 0 0 

Kanawha River: Shenandoah River: 

Winfield Dam, W Berryville, Va------ ae <a - = —_ —_ 
SS RE 1 5 6 0 0 0 || Ship Creek: 

Kansas River: Anchorage, Alaska-_-- << —_ = aed on ors 
De Soto, Kans------ 7 15 22 2 3 5 || Snake River: 

Klamath River: Payette, Idaho___--- 3 7 10 1 1 2 

i Keno, Ore... ae 2 Ft: 1 17 18 0 1 1 Wawawai, Wash - IE 3 4 7 <1 0 <i1 
ittle Miami River: ce Harbor Dam, 

eon om Ohio---- 2 7 9 0 0 0 Pee ash__ a 1 4 5 0 0 0 
aumee River: uth Platte River: 

Toledo, Ohio-- ----- 5 16 21 1 2 Julesburg, Colo- ---- 88 58 146 18 36 54 

Merrimack River: 

Lowell, Mass- ------ = ro —_ ba i = 
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Table 1. Radioactivity in raw surface waters, May 1965*—Continued 
Average concentrations in pCi/liter 
































Beta activity Alpha activity Beta activity Alpha activity 
Station Station : 
Sus- Dis- | Total | Sus- Dis- Total Sus- Dis- | Total | Sus- Dis- | Total 
pended) solved pended) solved pended) solved pended) solved 
Spokane River: Verdigris River: 
Post Falls Dam, Nowata, Okla_-_-.-.--- 173 16 189 54 0 54 
| eee 1 3 0 0 0 Wabash River: 
Susquehanna River: New Harmony, Ind-_- 16 10 26 1 4 
Sayre, Pa__..-.---- 1 10 ll 0 0 0 Willamette River: 
Conowingo, Md_-_--- 1 3 4 0 0 0 Portland, Ore------- 1 2 3 0 0 
Tennessee River: Yakima River: 
Lenoir City, Tenn___ 1 4 5 0 0 0 Richland, Wash--.- -- 1 4 5 0 0 
Chattanooga, Tenn_- 1 10 11 0 0 0 Yellowstone River: 
Bridgeport, Ala- ---- _— — _ — — — Sidney, Mont... ---- 52 15 67 16 3 19 
Pickwick Landing, 
; ee Pee 1 7 8 0 0 0 pe a a 307 105 329 123 36 126 
Tombigbee River: 
Columbus, Miss-_---- 2 5 7 1 0 1 a a 0 2 3 0 0 0 
Truckee River: 
Farad, Calif __--_--- 0 4 4 0 0 0 



































® These data are preliminary: reanalysis of some samples may be made and additional analyses not completed at the time of this report may become 
available. For final data, one should consult the system’s annual report. 
Dashes indicate no sample. 


waters. These data are preliminary. The figures means are reported to the nearest pCi/liter. 
for gross alpha and gross beta radioactivity When all samples have zero pCi/liter, the mean 
represent either determinations on composite is reported as zero; when the calculated mean 
samples or means of weekly determinations is between zero and 0.5, the mean is reported 
where composites were not made. The monthly as <1 pCi/liter. 
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Figure 1. Sampling locations and associated total beta activity (pCi/liter) in surface waters, May 1965 
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It has been observed that in, water the 
natural environmental beta activity is usually 
several times that of the natural environmental 
alpha activity. Nuclear installations may con- 
tribute additional alpha and/or beta activity 
whereas fallout primarily contributes addi- 
tional beta activity. 

The radioactivity associated with dissolved 
solids provides a rough indication of the levels 
which would occur in treated water, since 
nearly all suspended matter is removed by 
treatment processes (10). The Public Health 
Service Drinking Water Standards state that 
in the absence of alpha emitters and strontium— 
90, a water supply is acceptable when the gross 
beta concentration does not exceed 1,000 pCi/ 
liter (11). 

A geographical perspective of the radioactiv- 
ity in surface water is obtained from the num- 
bers printed near the stations as shown in 
figure 1, which gives the average total beta 
activity in suspended-plus-dissolved solids in 
raw water collected at each station. 
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tained from Public Inquiries Branch, Public Health 
Service, U.S. Department of Health, Education, and 
Welfare, Washington, D.C. 20201. 
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Table 2. Summary 





Station Sample activity Remarks 





Arkansas River 
Coolidge, Kans. a, Susp. 384 pCi/liter 
B, Susp. 1086 pCi/liter 
on sample collected 
5/24/65, analyzed 

in triplicate; 

median reported. 
a, Susp. 30 pCi/liter 
B, Susp. 219 pCi/liter 


Due to flood condition, 
sample contained 
14,930 mg/l] suspended 
solids. 


Little Rock, Ark. Sample contained 4,288 


mg/| suspended solids. 


Colorado River 
Loma, Colo. a, Susp. 123 pCi/liter 


Sample contained only 
B, Susp. 114 pCi/liter 


720 mg/| suspended 
solids. 

Level returned to normal 
<10 pCi/1! on next 
sample. 


Missouri River 
St. Joseph, Mo. a, Susp. 18 pCi/liter 


Sample contained 1,002 
B, Susp. 71 pCi/liter 


mg/1 suspended solids. 


Platte River 
Plattsmouth, Neb. | Average for month 
a, Susp. 79 pCi/liter 


B, Susp. 307 pCi/liter 


Average for month con- 
tained 5,128 mg/l 
suspended solids. 


Verdigris River 
Nowata, Okla. a, Susp. 54 pCi/liter 
B, Susp. 173 pCi/liter 
Analyzed in triplicate; 


median reported. 


Sample contained 2,304 
mg/| suspended 
solids. 











(6) DIVISION OF WATER SUPPLY AND POLLU- 
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1963 Edition. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 
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AND WATER POLLUTION CONTROL FEDERA- 
TION. Standard methods for the examination of 
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(11) PUBLIC HEALTH SERVICE. Drinking water 
standards, revised 1962. Public Health Service Publi- 
cation No. 956. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402 
(March 1963). Price 30 cents. 


Radiological Health Data 





ee a ee ee eee ae re 6 


nal 





RADIOACTIVITY IN SURFACE WATERS OF THE 
COLORADO RIVER BASIN, 1962-1964 


Colorado River Basin Water Quality Control Project 
Division of Water Supply & Pollution Control, PHS 


In view of accumulated data on radioactive 
contamination of Colorado River Basin surface 
waters and river sediments by uranium mill- 
ing waste discharges to the stream environ- 
ment, a conference on uranium milling wastes 
was held in October 1957 at Cortez, Colorado. 
The conference was attended by representa- 
tives of the States of Arizona, New Mexico, 
Colorado, Utah, and the U.S. Public Health 
Service. At this conference, a Radium Monitor- 
ing Network was suggested to provide needed 
continuous data on radioactivity contributed by 
uranium mining and milling operations to the 
Colorado River Basin surface waters. The en- 
visioned purpose of this network was to define 
both natural and industrial sources of radio- 
active pollution, and to measure either improve- 
ment or degradation of surface waters due to 
the continuance or abatement of these pollution 
sources. Accordingly, a Radium Monitoring 
Network was established when the U.S. Public 
Health Service Colorado River Basin Water 
Quality Control Project was organized in 1960 
under provisions of the Federal Water Pollu- 
tion Control Act. The original network of 23 
stations became operational at the end of 1961, 
was expanded to 27 stations (figure 1), and 
has recently been reduced to 21 active stations. 
Data collected through this system are reported 
seminannually to the Project conferees and 
other interested parties and agencies, and a 
summary of data collected through 1963 was 
published in November 1964 (1). 


Sampling procedures 


Seven of the original network stations were 
automatic collection stations and the remainder 
were grab sampling stations. Depending upon 
the type of data required and physical location 
limitations encountered at each station, grab 
samples are collected 1 to 6 times weekly and 
automatic samplers collect a 21-ml sample 
every hour. The samples are sent “as is” to the 
Colorado River Basin Project Laboratory where 
they are composited into weekly or monthly 
composite samples, filtered, and the filtrate 
analyzed for the desired radionuclides. 
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Figure 1. Colorado River Basin radium monitoring 
network 


Radium-226, with the lowest recommended 
Maximum Permissible Concentration in water 
of all radionuclides (2), has been the radio- 
active contaminant of greatest concern in ura- 
nium mill discharges (3). Consequently, initial 
and primary emphasis was placed on the analy- 
sis for radium—226 only. In October 1963, ura- 
nium determinations were added, and begin- 
ning in July 1963, samples from selected sta- 
tions were combined into quarterly composites 
to be gamma-scanned and analyzed for gross 
alpha, gross beta, lead—210, thorium alpha, and 
strontium-90 activities. Some “spot check” 
determinations for polonium-210 have also 
been performed. Additional analysis for this 
radionuclide is required before any data can 
be reported. 

These determinations have been added to 
provide a more definitive picture of the total 
radioactivity in Basin surface waters resulting 
from uranium industry operations and nuclear 
weapons-testing programs. 
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Analytical methods 

Water samples are composited and filtered 
through 0.45-micron membrane filters as soon 
as possible after the samples for the composit- 
ing period are received. After filtration they 
are acidified with 2 percent by volume of 12 N 
HCl. 

Radium-226 is determined by an emanation 
method (4). Lead-210 is determined by an 
iodide—dithiozone extraction method (5). Ura- 
nium is determined by a fluorimetric method, 
using a sodium carbonate-potassium carbonate- 
sodium fluoride flux (6). Gross alpha and beta 


determinations are made on dried dissolved 


solids from the waters, using appropriate cor- 
rection factors for self-absorption. Strontium— 
90 is isolated by coprecipitation with calcium 
and magnesium carbonate. It is adsorbed in an 
ion exchange column and the yttrium—90 which 
grows in is eluted and measured. Gross gamma 
determinations are done using a sodium iodide 
crystal as a detector and a scaler as the record- 
ing device. 

Alpha-emitting thorium isotopes are deter- 
mined by coprecipitation with ferric hydroxide 
and lanthanum fluoride followed by extraction 
with thenoyltrifluoroacetone, mounting, and 
alpha counting. 


Results 

A summary of all radium-—226 and uranium 
determinations on Radium Monitoring Net- 
work samples is given in table 1. The figures 
given in the table represent all sampling results 
obtained since the inception of the first network 
stations in October and November 1961. Fig- 
ure 2 presents a graphical summary of radium— 
226 results at each individual station and table 
2 gives the uranium data. Table 3 presents the 
quarterly composite results for the gross alpha, 
gross beta, lead-210, thorium alpha, and 
strontium-90. These latter results cover the 
period July 1963 through June 1964. Results 
on all reported parameters are for the dissolved 
solids portion of the sample passing the 0.45 
micron filter. 

In keeping with the philosophy of minimum 
exposure (2), the majority of the uranium 
processing mills in the Colorado River Basin 
have successfully maintained negligible radio- 
activity contributions to Colorado River Basin 
waters through their efforts to provide proper 
treatment and containment of milling waste 
products. Even at those mills where significant 
contributions have occurred since 1960, only 
eight of the 1,410 composite samples analyzed 
for radium—226 have indicated concentrations 


Table 1. Radium-—226 and uranium in surface waters of the Colorado River Basin 





Sampling station 
number and location 


Radium-226 Uranium 





Average Range No. of 


; g Average Range No. of 
(pg/liter) | (pg/liter) 


analyses | (ug/liter) | (ug/liter)| analyses 





Animas River: 
#11 above Durango, Colo 
#12 Colorado-New Mexico State line 

Colorado River: 

#1 = at Silt, Colo 
#4 at DeBeque, Colo 
#6 at Fruita, Colo 
#9 above Moab, Utah 
#10 below Moab, Utah 
#31 at Page, Ariz 
#32 Lake Mead, Nev 
#33 Lake Havasu, Calif 
#30 at Yuma, Ariz 

Dolores River: 

#21 at Bedrock, Colo 
#26 at Gateway, Colo 
Green River: 


#28 below Maybell, Colo_____- No a IR Sayre ee a eis AN ase Aah TE pe Oe es Ae PR 


#29 below Green River, Utah 
Tomichi Creek: 

#22 above Gunnison, Colo 
Gunnison River: 

#24 above Gunnison, Colo 

#25 below Gunnison, Colo 

#5 at Grand Junction, Colo 
San Juan River: 

#13 above Farmington, N. Mex 

#14 below Farmington, N. Mex 

#14S below Shiprock, N. Mex 

#15 above Mexican Hat, Utah 

#16 below Mexican Hat, Utah 
San Miguel River: 

#17 above Naturita, Colo 

#18 above Uravan, Colo 


RE GL, EOL GORILLA ALLELE 


f=) 
ao 








0. 0.03-0.11 38 1.1 | 0.1-2.5 32 
0.30 | 0.09-1.5 89 4.0 | 0.4-18 47 
0.21 | 0.04-0.39 43 3.0 | 0.1-4.4 29 
0.20 | 0.05-0.44 44 3.8 | 0.4-7.2 29 
0.19 | 0.09-0.26 39 9.7 | 3.2-14 30 
0.27 | 0.10-0.50 72 10 3.6-17 59 
0.43 | 0.18-7.2 68 12 3.7-22 55 
0.24 | 0.16-0.31 22 8.8 | 6.5-13 22 
0.32 | 0.21-0.40 24 8.5 | 5.6-11 24 
0.35 | 0.06-0.41 26 8.4 | 5.9-11 26 
0.17 | 0.06-0.33 34 8.3 | 5.9-11 29 
0.51 | 0.03-1.4 42 14 -0.9-35 29 
1.2 | 0.04-3.2 81 13 0.1-51 58 
0.09 | 0.03-0.15 33 2.7 | 0.6-8.0 29 
0.09 | 0.05-0.15 28 5.0 | 1.6-7.6 25 
0.02 | 0.01-0.04 7 NA NA NA 
0.05 | 0.01-0.08 39 1.2 | 0.0-2.6 29 
0.04 | 0.01-0.09 42 2.2 | 0.6-4.3 29 
0.10 | 0.01-0.30 38 ll 0.7-19 29 
0.07 | 0.03-0.16 20 2.8 | 0.0-8.3 19 
0.10 | 0.04-0.21 30 3.6 | 0.9-9.0 

0.10 | 0.04-0.26 95 14 2 .0-93 

0.14 | 0.04-0.66 42 7.8 | 2.6-23 

0.14 | 0.01-0.84 113 9.8 | 0.8-35 95 
0.04 | 0.00-0.19 57 1.2 | 0.0-3.9 29 
0.23 | 0.05-1.24 6.8 | 0.9-63 59 
1.0 | 0.06-5.6 154 31 0.0-150 126 

















NA indicates no analysis performed. 
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Figure 2. Dissolved radium-226 in Colorado River waters 
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Figure 3. Dissolved radium-226 in Yampa, Green, Tomichi, Gunnison, 





and San Miguel River waters 
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Figure 4. Dissolved radium—226 in Dolores, Animas, and San Juan River waters 
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above the currently accepted yearly average 
limit of 3 pCi/liter for radium in drinking water 
(7). No network sampling station has exhibited 
an overall average above this limit and only 
two stations have sustained average radium— 
226 concentrations at or slightly above the 1 
pg/liter suggested maximum desirable level for 
Colorado River Basin waters (8). 

The quarterly gross alpha figures given in 
table 3 agree with the general range of monthly 
figures reported by the Public Health Service 
Water Pollution Surveillance System (WPSS) 
for their Colorado River Basin stations, while 
the gross beta results tend to range somewhat 
lower than the WPSS results. 

The lead—210 and thorium alpha results are 
consistently low throughout the Basin, but 
concentrations in several sample composites 
collected immediately below uranium mill waste 
discharges were found to be higher than up- 
stream levels. The highest thorium alpha level 


of 8.0 pCi/liter reported for the second quarter 
below Uravan, Colorado, may be erroneous in 
view of the lower levels obtained for the other 
three quarters. 

Four of the five river sampling stations, 
which are subject to flow fluctuations and for 
which strontium-90 determinations were per- 
formed, tend to show higher-than-average 
strontium-90 levels during July-September 
1963. Additionally, several slightly higher 
levels occurred in the April—June and July— 
September 1964 quarters, suggesting a seasonal 
variation related to runoff collection of fallout. 
The other two stations which are sampled for 
strontium-90 are in regulated flow “reaches” 
and are not immediately affected by runoff. 

All gross gamma determinations on the 
quarterly composites were below 33 pCi/liter, 
the minimum detectable activity obtainable 
with the available equipment and sample char- 
acteristics. 


Table 3. Gross alpha, gross beta, thorium alpha, lead-210, and strontium-90 in Colorado River Basin surface waters 








“DreNOWDASNUO 
tv 


rer Ouvww @ @ @h ~ 
<4 a6 0 « . 





Quar- | Gross | Gross | Th- 210Pb Sr Quar- | Gross | Gross Th- 210Pb Sr 
Station number ter! | alpha beta | alpha | (pCi/ | (pCi/ Station number ter alpha | beta | alpha | (pCi/ | (pCi/ 
and location period | (pCi/ | (pCi/ | (pCi/ | liter) liter) and location period | (pCi/ | (pCi/ | (pCi/ | liter) liter) 
liter) liter) liter) liter) liter) liter) 
RMN 1 RMN 16 
Colorado River at 1 2 10 NA NA NA San Juan River 1 8 30 0.4 0.2 NA 
Silt, Colorado 2 2 18 NA 0.4 NA below Mexican 2 5 13 0.3 0.1 NA 
3 2 8 0.4 0.1 NA Hat, Utah 3 4 30 0.2 0.2 NA 
4 3 20 0.1 0.1 NA 4 4 10 0.3 0.2 NA 
RMN 4 RMN 17 
Colorado River at 1 3 11 NA NA 2.8 San Miguel River 1 2 7 0.1 0.0 NA 
DeBeque, Colorado 2 3 22 NA NA 0.9 above Naturita, 2 2 7 0.1 0.0 NA 
3 3 9 NA NA 0.9 Colorado 3 2 7 0.1 0.1 NA 
4 1 23 NA NA 1.8 4 1 10 0.0 0.0 NA 
RMN 6 RMN 20 
Colorado River below 1 7 41 0.1 0.1 NA San Miguel River 1 13 23 1.1 0.6 NA 
Grand Junction, 2 5 11 0.0 0.3 NA below Uravan, 2 19 43 8.0 0.4 NA 
Colorado 3 7 22 0.5 0.1 NA Colorado 3 26 0.8 0.2 NA 
4 2 14 0.1 0.0 NA 4 12 33 1.0 0.1 NA 
RMN 9 RMN 29 
Colorado River above 1 8 33 NA NA 8.4 Green River below 1 3 26 NA NA 9.6 
Moab, Utah 2 12 20 NA NA 1.6 Green River, Utah 2 3 14 NA NA 3.3 
3 5 12 NA NA 1,2 3 1 10 NA NA 2.5 
4 2 16 NA NA 2.2 4 3 12 NA NA 3.2 
RMN 10 RMN 32 
Colorado River below 1 9 31 0.1 0.0 NA Colorado River 1 3 5 NA NA 2.8 
Moab, Utah 2 4 8 0.2 0.1 NA (Lake Mead) at 2 3 10 NA NA 1.2 
3 6 16 0.0 0.1 NA Boulder City, 3 4 4 NA NA 1.2 
4 3 14 0.0 0.0 NA Nevada 4 5 y NA NA 1.4 
RMN 11 RMN 33 
Animas River at 1 1 5 NA NA 0.9 Colorado River at 1 5 9 0.0 0.2 NA 
Durango, Colorado 2 1 5 NA NA 0.7 Parker Dam, 2 3 22 0.0 0.2 NA 
3 1 9 NA NA 0.9 California 3 4 i) 0.1 0.1 NA 
4 1 8 NA NA 1.5 4 4 ll 0.2 0.0 NA 
RMN 148 RMN 30 
San Juan River below 1 12 16 0.0 0.1 NA Colorado River at 1 6 & NA NA 1.2 
Shiprock, New 2 7 14 0.1 0.0 NA Yuma, Arizona 2 4 10 NA NA 1.5 
Mexico 3 3 yg 0.0 0.0 NA 3 3 ll NA NA 1.3 
4 8 14 0.2 0.0 NA 4 4 10 NA NA 1.5 
RMN 15 
San Juan River above 1 6 29 NA NA 6.0 
Mexican Hat, Utah 2 4 14 NA NA 3.2 
3 4 10 NA NA 2.0 
4 3 14 NA NA 2.9 












































1 Quarter period 
1 July—September 1963 
2 October—December 1963 
3 January— March 1964 
4 April—June 1964 
NA indicates no analysis performed. 
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RADIOACTIVITY IN FLORIDA WATERS, 1964: 


Division of Radiological and Occupational 
Health, Florida State Board of Health 


The Florida State Board of Health samples 
raw surface water from locations in 13 hydro- 
logical subbasins. In nine of these subbasins, 
raw ground water is also sampled. The samples 
are collected on a variable frequency and ana- 
lyzed for gross alpha and beta radioactivity. 

Figure 1 shows the locations of the surface 
water subbasins from which samples are ob- 
tained. Average gross alpha and gross beta 
radioactivity levels in raw surface waters 
during 1964 are presented in table 1, while 
table 2 gives the radioactivity levels in ground 
waters. 

The average gross beta radioactivity in water 
supplies is well below the standard for gross 
beta radioactivity in drinking water (1,000 
pCi/liter), as is average gross alpha radio- 





1 Data taken from “Report of Florida Radiological 
Data, Environmental Monitoring Programs, 1964,” 
Florida State Board of Health, Bureau of Preventable 
Diseases, Division of Radiological and Occupational 
Health, Jacksonville, Florida. 
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activity when compared to its standard for 
drinking water (3 pCi/liter when radium is 
present) (1). 

In addition to the sampling being done by 
the Florida State Board of Health, the Sanitary 
Engineering Research Laboratory, University 
of Florida, samples raw surface water and 
water supplies in Alachua County and analyzes 
the samples for gross alpha and gross beta 
radioactivity. Samples are taken monthly ex- 
cept at Gainesville, where raw water is sam- 
pled daily. These data are summarized in table 
1 as quarterly and yearly averages. 

The yearly average beta activity in surface 
waters was more than double that in ground 
waters. This additional beta activity in sur- 
face waters is attributed to fallout. The alpha 
activity, which is attributed to natural activ- 
ity of minerals, is very nearly the same for 
ground and surface water. The presence of 
gross beta activity due to fallout is clearly evi- 
dent when comparing gross beta radioactivity 


Radiological Health Data 





TH 


rh 



































Z ALASAMA ‘ 
/ 
| SH .< GEORGIA , 
WN St. Marys - Nossou River 
| aren __. Ses GAINESVILLE 
| Escambio Rivers Alechue 
yr Ochlockonee - - 
| St. Marks River 
Apalachicola Floride East Coastal! Area 
River 
Suwannee River 
St. Johns River 
Withlocoochee River 
GULF 
OF Tenee Gop Seco Kissimmee River 
(¥¢ 
MEXICO 
Peoce me” ® 
(nN) . 
Lower Floride Areo 
| ee ATLANTIC 
é 
0 10203040 50 oA OCEAN 
pee ee ee ee ee ° 
Scale in Miles Pd 
a? #5. ti 




















Figure 1. Hydrological surface subbasins in Florida 


Table 1. Gross alpha and beta radioactivity in raw surface water, 1955 


(Concentrations in pCi/liter) 





Quarter, 1964 



































Subbasin First Second Third Fourth 
Alpha Beta Alpha Beta Alpha Beta Alpha Beta 
; (1) (1) (2) (2) 
St. Marys—Nassau River. --......----.-.-----.------ 0.2 61.5 NS NS NS NS 0.2 24.0 
(25) (25) (17) (17) (17) (17) (15) (15) 
| ee een ae nee ene hee eee er a 0.3 60.1 0.2 55.2 0.6 79.2 0.4 71.1 
, (2) (2) (10) (10) 

Re iricinncmenendamenncntimbededmnewemhen 0.1 74.2 0.4 32.2 NS NS NS NS 
Ochlockonee—St. Marys River_-..----.-.----------- NS NS NS NS NS NS NS NS 
. , (7) (7) (3) (3) 
Withlacoochee River------------ NGcnbbwivtnamsinatee NS NS 0.1 32.1 NS NS 0.2 38.2 

(2) (2) (3) (3) 
FE Biv ncnnikpecicsnctcasmienstincsenenbans 0.0 38.5 0.4 18.0 NS NS NS NS 
, (3) (3) (2) (2) 
Sak oandctnn as éhewecednduebetedsaeednn 0.7 57.9 0.6 59.5 NS NS NS NS 
(5) (5) (2) (2) (1) (1) (2) (2) 
Ne a PO ee ee eee 0.4 55.8 0.2 42.4 0.4 46.2 0.4 31.2 
(21) (21) (7) (7) (13) (13) 
EO er ee 0.3 58.9 0.3 78.2 0.4 139.0 NS NS 
(5) (5) (2) (2) (2) (2) 
eS PD PR ate nn econ ch mcineweceenceeien 0.4 50.9 0.4 s NS NS 0.2 41.7 
(4) (4) (1) (1) 
PE ENON i ann Sed cnealwascnsexenksuenscnenes 0.3 20.0 NS NS NS NS 0.4 16.6 
(6) (6) - (2) (2) 
inc nikita un dtcenwonnnbutnianiaenes 0.3 17.2 NS NS NS NS 0.1 8. 
(4) (4) (2) (2) 
_Perdido—Escambia Rivers - - - - - - - --------- connie ne Ripe 0.3 32.3 NS NS NS NS 0.7 11.3 
EE vicusdccnedketnssusvernannsdunsueueed (78) (78) (50) (50) (31) (31) (29) (29) 
Noda db bbc ede teds ddadéudwedesteétantesunenaea 0.3 52.0 0.3 48.2 0.5 103.2 0.3 49.3 








Note: Number in parentheses indicates number of samples. 
NS indicates no sample collected. 
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Yearly average 


Alpha Beta 
(3) (3) 
0.2 36.5 

(74) (74) 
0.4 65.6 
(12) (12) 
0.4 39.2 
NS NS 
(10) (10) 
0.1 33.9 
(5) (5) 
2 26.2 
(5) (5) 
0.7 58.5 
(10) (10) 
0.4 47.2 
(41) (41) 
0.3 87.6 
(9) (9) 
0.4 51.0 
(5) (5) 
0.3 19.3 
(8) (8) 
3 14.9 
(6) (6) 
0.4 25.3 

(188) (188) 

0.3 59.0 





























Table 2. Gross alpha and beta radioactivity in untreated well water 


(Concentrations in pCi/liter) 


























Quarter, 1964 
Yearly average 
Subbasin First Second Third Fourth 
Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta 
; (1) (1) (1) (1) 
Re Se EE TE ae See 0.2 5.5 NS NS NS NS NS NS 0.2 5.5 
: (4) (4) (2) (2) (3) (3) (9) (9) 
ie I ce dc owscdotwadee dp esacsueeesete 0.2 34.1 0.3 32.7 0.1 16.3 NS NS 0.2 27.9 
p (2) (2) (2) (2) 
I HE ic icicmikecataseccsesesmegetinweducbina NS NS 0.2 4.5 NS NS NS NS 0.2 4.5 
Ochlockonee—St. Marys River. ...-..--------------- NS NS NS NS NS NS NS NS NS NS 
. , (2) (2) (2) (2) 
i TEE nr! EEE NS NS 0.6 3.5 NS NS NS NS 0.6 3.5 
(1) (1) (1) (1) 
EEE GR iniidndcdtbdpectnnentenersatetsounnd NS NS 0.3 5.0 NS NS NS NS 0.3 5.0 
; (1) (1) (1) (1) 
EE oc ccmnecndemeudca teense heckninescckaal 0.6 4.9 NS NS NS NS NS NS 0.6 4.9 
a ; (2) (2) (2) (2) 
SE En wandpnkndeetb pep whacked skacadog 0.3 I NS NS NS NS NS NS 0.3 et 
E (7) (7) (2) (2) (4) (4) (3) (3) (16) (16) 
a ee ee eee 0.2 8.8 0.2 43.3 0.3 8.6 0.2 12.8 0.2 13.8 
. (5) (5) (4) (4) (1) (1) (10) (10) 
eT NN iat nceatndnasonsion smernaire 0.8 58.8 0.1 50.9 NS NS 0.8 5.5 0.5 50.3 
PN  crincapesamoucneanpenvienenaended NS NS NS NS NS NS NS NS NS NS 
AE Aa, oe AEE NS NS NS NS NS NS NS NS NS NS 
, . (1) (1) (1) (1) 
Perdido—Escambia Rivers. -.....--.---------------- 0.8 10.3 NS NS NS NS NS NS 0.8 10.3 
Total samples------.-- ee ee a re ee ae) (21) (21) (13) (13) (7) (7) (4) (4) (45) (45) 
EG den db edanetehwtedachuwctnchasdudetusat 0.4 26.1 0.3 28.9 0.2 11.9 0.3 11.0 0.3 23.4 


























Note: Number in parentheses indicates number of samples. 
NS indicates no sample collected. 


in raw surface water and raw well water. 
However, no obvious trend in gross beta radio- 
activity levels as a function of fallout was indi- 
cated by the data obtained. 
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RADIOACTIVITY IN NORTH CAROLINA SURFACE, GROUND, AND 
CISTERN WATERS,'! JANUARY-DECEMBER 1964 


Sanitary Engineering Division and Laboratory Division 


North Carolina State Board of Health 


In recognition of the growing use of radio- 
active materials in the State of North Carolina, 
the Sanitary Engineering Division and the 
State Laboratory of Hygiene of the State Board 
of Health, with the cooperation of municipali- 
ties, began in June 1958 a program of measure- 
ment of radioactivity in surface waters used as 
public water supplies. Some 147 sampling 
points were established to sample raw surface 
water. In July 1962, the program was ex- 
panded to include the sampling of cistern water 
from Ocracoke Island. Then, in January 1963, 
other types of environmental samples were also 
collected (1), two of which were treated water 
from surface water supplies and ground water 
from wells used as municipal water supplies. 

All waters contain traces of radioactivity 
originating from naturally radioactive minerals 
dissolved from rock strata or from radioactive 
particulate material or gases in the atmosphere. 
Common among these materials are trace ele- 
ments of potassium—40, radium, thorium, and 
uranium. Such trace elements are dissolved by 
water both on its way to and flowing in the 
watercourses. Precipitation is the major mech- 
anism by which particulate matter or radio- 
active gases, such as thoron and radon, are 
removed from the atmosphere. The combined 
radioactivity of these materials constitutes 
what is known as “background radioactivity” 
of the water. The total activity would include 
both background radioactivity and contribu- 
tions from fallout and other man-made sources. 





1 Summarized from “Background Radioactivity in 
Surface Water Supplies of North Carolina, 1958-1962” 
and “Environmental Surveillance, 1964.” 
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A knowledge of the concentration of the back- 
ground radioactivity as well as the total activity 
is an important factor in the appraisal of 
water quality, since standards pertaining to ra- 
diation exposure or concentration within drink- 
ing water are expressed in terms of “additions 
to the natural background” (2). Surface water 
data for 1958 through 1961 are considered as 
background radioactivity and have previously 
been published in Radiological Health Data (3). 


Laboratory procedure 


Total solids content is determined for each 
sample so that proper sample proportions may 
be used in analysis. The calculated amount of a 
sample is concentrated to a few milliliters on a 
steam bath. The residue is transferred to a 
stainless-steel planchet and evaporated to dry- 
ness under an infrared light. After further dry- 
ing for 1 hour at 103° C., the sample is cooled 
in a desiccator and is then counted. 

Alpha-plus-beta counting is done in a gas-flow 
internal proportional counter calibrated with a 
radium D-+E source. Taking instrument back- 
ground (17 counts per minute) into considera- 
tion, each sample is counted for a preset count 
and the results are reported in terms of 
pCi/liter. 


Results 


Table 1 gives the average gross (alpha-plus- 
beta) radioactivity in raw surface water as 
well as the maximum and minimum values re- 
corded during 1964. The first column consists 
of code numbers which indicate the geograph- 
ical positions of the sampling stations, as shown 
in figure 1. 
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Table 1. 


(Radioactivity concentrations in pCi/liter) 


Gross radioactivity found in surface waters used as sources of public water supplies in North Carolina, 1964 









































Raw Water Treated Water 
Code Location Source of water supply 
No. of | Average| Maxi- Mini- No. of | Average| Maxi- Mini- 
samples mum mum | samples mum mum 
1 Alamance_--------_-- Big Alamance Coock........<.2....<..s.-- 1 Ok Ene Peer _. SPSS See Bee 
2 Albemarle____...--- EEE EE EN: LEASES 1l 9.3 16.4 6.8 7 5.5 9.6 3.2 
3 ee ee IID. dt eg SES eh bdsn asda 2 3.7 3.9 3.6 | ees eee eee 
SR (tee aeeewe bie ps mn eee ie te ae a 2| 19.6] 25.2| 13.1 | Sree RS Ree: 
4 Asheboro----------- SE EE, TR OO EE 3 18.7 30.6 12.0 1 ft YF ee mee: oe 
5 Asheville_-.....---- ye Le eS OP eee eee ee 11 4.5 10.8 2.0 7 5.7 12.3 2.4 
6 Sees EE ae eRe ee Cem 2 11.8 15.1 8.5 | RE BRL ee 
7 Seer i EEE EES AT 4 vee 17.4 1.0 _ | Rt ee PE 
cL RRR SRE SCTE SALE Te a Oe Ee: 1 oS Rane Creenee 2 _) RES: (SOR LTS I 
8 RS ee: I ii wirmaneadnnciaccetab anew + 20.3 43.6 6.7 | 64 Been SCS, 
9 Blowing Rock------- SETI II 6c c erinwincccacnauewennin 3 8.8 14.0 3.7 i) RRA! ES eee E SRS I 
ES eS OSI ae, See! eae Pn RRs Yee ee eRe ee eee Ae 2 4.0 4.1 3.9 gg RAS AN MER AE MP 
ETERS RENEE EER OTe Ay ee ee eee 2 3.0 3.6 2.4 RS AAR RRR BOs 
10 Bryson City -------- EE FRIES 5 STII TRE 1 7h 8 RP RS eee __ | SREY a es Eee BS 
I a a a ts pce thao eee 2 23.4 25.8 21.7 | RS Rs See 
11 Burlington__-_------- SS SE a ee ee eee 12 14.5 26.7 6.0 7 9.9 17.3 6.3 
6 as a ce gar ac eee Oconee chamaerthmnaeeae catanas aceon nie wrotlors orate 3 15.9 25.8 5.8 gf a AM ES OR gt IRA ee 
12 Ne eae Pigeon River; Ruff Creek______.--.---_--- 2 3.1 4.2 2.1 fh A RASIEE lsd SR Ree 
13 Carthage.........<- SE Be rr eae ee! 2 8.1 8.8 7.5 of RE TT OE 
14 Chapel Hill___.__--- ih eacsigel Re Rite “Tire SE CTD 2 12.4 13.0 11.9 gp ERE PRCT 
15 Charlotte_........-- NE SE EEE Ae, 11 8.6 16.6 5.1 8 5.7 9.6 2.3 
16 Ss bcc wacekue Second Broad River-_-_--_.....-..---------- 3 7.4 11.3 5.3 _ 4 eee EL BR BR... 
17 MR Fa accra ETE OL CS I 2 10.2 13.1 7.3 hy OEP ORES. ARS 
18 | Concord._.....-.--- Cold Water Creek & Lumby Creek--------- 10 17.9 36.2 11.6 8 9.0 13.8 8 
19 Cooleemee---------- Sa Peas 2 : Pea 8.3 7.3 _ PERE. SETS IOS Cees L 
20 | Cramerton_--------- South Fork Catawba River__..-.---------- 10 7.3 13.9 3.4 8 6.6 16.2 3. 
21 reedmoor-_____----- SS en aa er og ach dace nada cael 2 14.9 16.5 13.3 gf Be SS RPS RS 
22 Cullowhee---__------ Long Branch; Flat Creek____..._._.------- 2 1.9 2.3 1.4 Ce, SEER a Ie PP ln 
23 Davidson____.._---_- TE RT ern aN De 2 8.0 10.5 5.7 RST ERT) RAGE Be 
24 See RS eo es eue ienae neal 2 15.1 19.5 10.0 RE ENS OM 
25 NE os eS Le SS UES... 2... pninsimdvoneutowsuee 3 15.7 22.9 11.2 |) SR Geet SEs 
26 | RRR SE ated SE aE ie BO ie Ee ae alt 11 14.8 21.1 9.7 8 8.3 17.1 2.2 
27 | Elizabeth City ------ NS OPORTO iy ere: Berries 1 2 See: Pe a 
29 | SEN OE ee eae 2 5.8 9.0 .6 SRS ae ee: Ge * 
30 | Fayetteville._..___-- 2S EN Eee 11 18.4 38.0 5.9 8 9.3 18.0 3.3 
31 Forest City--------.. Second Broad River_.........-...-.------ 2 7.1 9.0 2 SF Ce. as: BPE se 
32 | Fontana Dam------- Little Tennessee River_.....-...---------- 1 DM Bowen desdpescdicwe EE. EM CRIES 5° 
33 | Franklinton... --- ee, SE 1 2g eee Sa gf BEE Bee ae red 
34 ae Long Creek; Catawba River______.---_---- 11 8.0 15.7 4.6 7 6.3 8.3 5.2 
35 Goldsboro---------- Little River; Neuse River__.._....-------- 2 18.1 20.2 16.1 1 2 EBA ES, Weer st: 
36 eS RSS Rt SIE SE AES RSE RES TARAS 3 26.9 64.7 5.3 0S Sara Se 
37 | Granite Falls-_-_----- Se ee 1 i eee Sees | ee. TRAY, SRR §. 
38 | Greensboro-_--.------ OO OE Ee ee a 11 13.6 27.7 10.2 8 9.2 7.8 3:3 
39 | Greenville...____--- SE REA Ea SES Pa 11 14.8 29.3 ee | 7 9.6 24.4 4.0 
a” RI ee Racal 1 { SREP eee EAE RAGE SIE be 
41 | Henderson___._----- FES as ) ne Ss eee | Re RARE eee: 
42 Hendersonville. -_---- North Fork Mills River and Bradley Creek -- 1 | Ree ee WP Gasndcdcdiedcacd enn ccee 
43 | Hertford_.....--.-- ee EE PTT @ Fen cct coahscdaansagss seas fe. RAs ee! eens ® 
oe} Weer ....<.....<. I, 550 Sos. cunecusubaoe uA 10 7.8 16.2 4.2 8 6.7 15.2 4.4 
45 High Point___.---_-- a ES aE 10 15.3 22.9 9.4 7 9.3 20.0 8.4 
46 | Hillsboro......----- IR ARES SES ore ae Ee 2 5.4 8.5 2.6 2. SP Ee aR a: 
47 | Jamestown. -_-_--.---- NES Ee i ee ees ene ee OP icdacerubendoctacbbuuceate 
48 | Kannapolis. _._----- Ee On 12 15.2 33.4 8.5 7 8.7 11.6 3.8 
49 | Kernersville----_---- ed hk dlls 1 __ | ee Sees SEP Pes AAG 
50 | Kings Mountain-_--__- EARS ae 1 BAP Bisccussaiosssccus  Betahcaidladddoncubeusacnee 
51 ER eg ace ERC R RARE ROS SA 1 _ |) 3 eee See |) 2S PT Be 2 
52 | Laurinburg--------- ERLE EE REE 11 9.2 17.5 3.3 7 7.4 12.0 3.3 
53 | Leaksville__._..__-- STOR CR LEAD ORT YE 3 5.4 7.8 4.3 RES: CORREA PPR 
54 | Sea aS Zacks Fork Creek & Catawba River---- ---- 3 9.8 16.9 4.6 | SSP See See 
55 | Lexington_____._-_-- haan ous 3 25.8 52.3 12.2 _ 4 BAR SCPE BORN. - 
56 | Lillington_____.---- SE SS ee 1 OF 7 eS en 2, RARER GR Nee 
57 Lincolnton____-..--- | TE TRE ELE ET TATE: 2 6.3 7.8 4.9 _g SEED IINE CRESS FACIE ¢ 
58 | Louisburg_-_-.------ SEI ee ee 1 Se eee ES Se eee Ee 
59 Lumberton__-_-_-_---- ESE Oa 10 16.5 14.3 6.2 7 9.1 14.3 6.2 
it ~~" Re Mackey’s Creek; Buck Creek. __..--------- 1 fg ee ee © Bisé cccccibswddecdthedwlekon 
ARATE SSS REA  NE A RETREAT E SII, ES Tae SEE 1 Rae Bess teenchicertens | SS Cae: CR 
... age. SARS SmiE erates eset cle t aie 1 2) eae Fee eee | REM RE PRET ATR REA 
61 Mayodan_.._...---- SSL EGO ED OR te 1 2, 4 Ree eee | ee Peers! Se! 
62 Mebane. .-........-- ETE SRE EERE 1 | Set See  ) RR Se: TNS 
63 Mocksville___.__.-.-- EERE EATS IE LER TE 1 a, SEES: Sree 4, OBESSEE SERIA At) > 
64 Se EN Tae - 23.5 28.7 17.5 , ) RE BES MORES 
65 Mooresville... ___--- Byers Creek; Catawba River____._-_-_---- 3 18.7 28.3 9.4 || EE: CRS MENTS 
66 | Morganton___-__-_-_-- ee LES SE fe 3 2.6 3.1 2.2 | ae Seer oe 
67 | Mount Airy_____--- el 3 5.2 7.4 3.7  , SR Wei Se 
68 Mount Gilead___-_--- Ss Bee cd ed enkvnw 3 12.7 17.2 9.7 5 OR eee TI 
69 | Mount Holly____--- ENS OE SOE Eee 10 9.5 16.7 3.4 6 7.3 11.5 5.5 
70 | Mount Pleasant. -- Duteh Bellalo Cresk..................... 1 kg Sa Ee gg I relates KARTS 
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Table 1. Gross radioactivity found in surface waters used b. _— of public water supplies in North Carolina, 1964 
—Continu 


(Radioactivity concentrations in pCi/liter) 





























Raw Water Treated Water 
Code Location Source of water supply 
No. of | Average| Maxi- Mini- | No. of | Average| Maxi- Mini- 
samples mum mum | samples mum mum 
RG ES SE ee ee ee 3 5.3 8.9 2.4 D ket esuatheads absentee sueie 
71 New Bern---.------- Ser ae ae - eT ] ee Sas ee | Oe Se ee 
72 Se eee BN EN Os.” 1 SR Anaticcteh caceed Se Sa Ee 
73 North Wilkesboro_-_-| Reddies River-_-_--.....-...-.....--.----- 3 8.8 16.4 2.3 | Ss Re eae oe 
ee 2s hn ccecde pended obdpeicsssnaerhenetwosss 1 A 3 ee. See Picowasccthacescddabebecigace 
74 1 2) a sees © nods teswbwnt sneakucedsten 
75 1 0 ea eee © Baten coche nscdtdasthinde dein 
75a | Pi : 1 fs ae eee eee Cee eee 
ES EES: * OTE a ae 1 2 ae eee | a ee Seer: 
76 Pisgah Forest - ------  idixccenencnnancghdtncaawes 1 BO Gutetcactlchobckod BARS? WAST AR FBP we 
77 | Pittsboro. -........- ee ng NS eee 1 4 anes eee | ee aes See ee se 
78 as Lake Raleigh; Lake Wheeler_---------_.---- 12 16.2 33.6 5.5 7 11.4 26.8 6.7 
79 Ramesur........... ARREST. «eae 1 Re ee | Vee Es oe 
80 Randleman- -------- oe ok penemacaek es 1  < 7 ae Soe SS AY satiate 
SE ERIE. 5 tet . nT eee ae eae 3 10.2 12.3 8.5 2) eS Se eS See ae 
81 Ridgecrest --_-------_- ie ie anime ub mae 1 SS 5 aaeree: Poe DP Buk vesvdlasséawhtinoialdae 
82 Riverbend__-_-----_--- | ER eae 1 Ey RP ere |) ae PSS Ske Ee 
83 Roanoke Rapids_--_-_- a ee ee ee 3 13.2 21.7 7.0 2 ee Rar ice (usc. ee 
SE Sa a ee ee 1 OY RRS ee SE SSE “Eee bet 
84 Robbinsville-_ ------_- Rock & Burgin’s Creek. _.-.....-..-..-.-- 1 _X. 3 eS BES ere | PERIGEE EEA 9158) ee 
85 Rockingham- ---_--- hans tai ms lng ad ihe rletcney tele die 2 9.4 12.7 6.2 OPT Reet hee 
86 Rocky Mount------- ST ti stints isle os aida Wigner arene ae 10 13.1 .22.3 7.0 7 7 9.5 3.6 
87 SEE Lake Issac Walton; Storey’s Creek - _ - --_---- 1 2 OE eee eee YD SPSS: ene Peer ee 
88 Salisbury _......---- PERG 6 cddnudts cacddaticnsbest has. 10 13.8 49.8 5. 7 7.0 10.5 3.1 
89 RE SY ti EE yt ee ll al Si ESS 1, it ess Oe ae _f BRPeney. eee ah pe ee 
90 TS ERE ee: Lick Creek; Potterage Creek____._...____-- 2 12.5 13.9 11.4 Dit dchasbihdowa bik ueiides 
91 eee NS eee ee eee ae ee 4 4.7 8.6 2.6  f (RS PERPR RE oie 
92 OOS" eae eR ein ES a aS SE 3 28.1 44.6 15.6 ee Pee aT 
93 Smithfield _---_.---- ER Ve eT Pee 64 ae pes FE 10 20.5 36.1 7.2 8 13.4 44.9 1.9 
ee, RRR te rales aha eR ES Ee IES AE ES ex eee 1 BI Wiwccnaodidecen eat WP aibvccundlenass ansiaauneaies 
94 Spindale-Ruther- 
NE 5 aes adhe gill Hollands Creek; Cathy’s Creek____..._____- 1) aa ae ae oS a ee 0 el a. @- ee, oe 
95 | a ees i a ica a sas pile Gribvaphienaicas mote ll 7.5 14.3 3.9 7 7.8 21.0 3.8 
96 Spruce Pine__-_------ EEE SRS See rer ae 1 BM Rss dita salateaacen | SPREE AR ee 
97 ane od ECE a Be 1 Sy RRR. SPER YY Sree ee eee Se 
98 Statesville__....__-- OS Sa St Pee 2 4.5 7.0 2.2 RS S RES. Ee 
99 Statesville. _.._._.-- i Pr NE i. netccesbdeeuce 2 8.2 8.9 A ) ere te eee 
100 ti etl daensaie a oneal 3 1.8 2.3 1.3 Bi ecuatiaksinaedtineindebientu 
101 NS cb a ntacenard Yellow Hammer Creek..........--.-...--.. 1 hy aR ARS Lea ae eR 
102 , ERE ES! a ak aaen oak nal atu ieninm 3 15.9 19.2 11.8 Sf RS RS EN 
103 Thomasville - - - ---~-- SE EE eae 3 11.7 23.2 1.9 2) Se Bats Es, A 
104 ann aokudens an Denson Creek; Downing Creek _-_..._-.-- ~~. -- 1 ea ee gy PE, rere 5) eS 
105 MN Bh ib ewduonwel Falls Creek; Vaughn’s Creek____._..-.-.---- 1 MES a deualchwnineiia DER Pesci ts Cee me 
105a ei 6h snack a Sie ttn heat aia alee che ehhh A a tle th Mae i 1 OC ) as aa eS aes 
106 , saa Micol Creek; Hoyle Creek; Catawba River - - 2 9.7 12.3 7.4 8 Re Wee” Cee Se 
107 Wadesboro - - - -- - --- SS ce necetikh-nienid stn tleteeee enn 1 aR ee. 5 RE EAR LTR Ee 
108 Wake Forest_------- SEAS MPEG ROE Oe | a ee 1 _ § wee Oe coms 
109 Washington_______-- SERRE Raene peas ae 1 _ & i SRS ay ine Bee 0 atiiat (eee hears 
110 Waterville___..__--- EAE aR eT eee 1 Be BE Nacitendleseabasus EES MOR Lee ae 
111 Waynesville _-_----- Cherry Cive & Shiney Creek._.........---- 1 8D ee ee ee ee RE A: eet ae 
112 Weaverville____.-_--- Wagner Branch & Ox Creek_____....------ 1 FN et vee ee gg PIRES BG Pea _1 ae 
113 | | PEGS NOES I OIE TE LORIE 1 Kk 2 a ee ea 0 Fok Eon A gee 
114 Wilkesboro - - - - - - - -- ee cn a akin we gbrnenene 1 >, ees Eee 0 i al pos : 
115 Wilmington-_------- cn Re eae ta ene ll 19.3 48.7 7.6 7 7.9 15.0 1.5 
116 , RETIRE oo” eae ee ee eee 0 : sae ae 
117 Winston-Salem --- - -- RE EE ieee eee Raa 4 10.4 15.2 5.8 5 5.7 7.4 0.9 
118 Winston-Salem --- - -- a tk ee a eel 7 7.8 18.8 3.7 2 3.4 4.0 2.8 
119 . . aR I ot on eee pienind earaten 1 8 RE, fae as ; 
i REE EP ELS SES NSS RSS ee eee 11 10.7 Se RSS OM. dt ccacsibiesued 
120 PE acancanceds RET, Ce oa ee ae 3 8.8 10.5 7.3 0 























After purification of these surface waters, 
the finished water is distributed for domestic 
and industrial uses. Finished water from some 
of these supplies has been sampled for gross 
radioactivity. Table 1 gives the average, maxi- 
mum, and minimum radioactivity in finished 
water from these supplies during 1964. 
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On some of the islands situated along the 
eastern seaboard of North Carolina (figure 2), 
and also at some private residences in Durham 
County, drinking water is obtained from small 
cistern water supplies. The cistern supplies 
are characteristically constructed with roof 
prewash valves which permit the diversion of 
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the first runoff and then allow the balance of 
the rainwater to pass into the cistern. A 
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Figure 2. Eastern North Carolina, showing location of 
Ocracoke Island 
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Figure 1. North Carolina surface water sampling stations with code numbers 


1-liter sample is usually collected monthly and 
analyzed for gross radioactivity. Table 2 pre- 
sents the results for five cistern water supplies 
on Ocracoke Island and in Durham County, 
from April through December 1964. 


Table 2. Gross radioactivity in cistern 
water in North Carolina, 1964 











maaatintey concentrations, 
pCi/liter 
Location 
Num- Maxi- Mini- 
ber of | Average}; mum mum 
samples 
Ocracoke Island: 
eee ee nee 7 67.2 143.1 17.5 
Coast Guard Station_._....--_- s 70.5 127.4 21.8 
SST ee eee ae 1 80.1 80.1 80.1 
Durham County: 
ES eee 6 67.4 85.7 27.9 
PE Shisnscsccenceasncnbe 2 118.6 118.8 118.3 

















Discussion and interpretation of ‘data 


All results may be interpreted on the basis 
of the Public Health Service Drinking Water 
Standards (4), which state that in the absence 
of strontium-90 and alpha emitters, a water 
supply is acceptable if the gross beta activity 
does not exceed 1,000 picocuries per liter of 
water. This value relates to average intake 
from water over a long period of time and not 
from transient conditions. 
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The results for 1964 1or ground water, raw 
surface water, finished water, and cistern 
water has been summarized in table 3, by 
region of the State (figure 1). 


Table 3. Summary of results of gross radioactivity 
in water supplies in North Carolina, 1964 




















Type of water and region No. of | Average} Maxi- Mini- 
samples mum mum 
yround water: 
Mountain region. ------------- 10 2.5 §.2 0.7 
Piedmont region -----.--------- 43 2.9 52.2 1.3 
Ce UN oo ec cecece 75 6.2 20.7 1.5 
Raw surface water: 
Mountain region - ------------- 54. 4.4 13.9 1.3 
Piedmont region. - - - ---------- 313 12.1 64.7 1.0 
i De ee 79 15.6 38.0 3.2 
Finished water from surface sup- 
plies: 
Mountain region- -----.--.------ 7 5.7 12.3 2.4 
Piedmont region. - - - ---------- 128 8.0 26.7 1.8 
CJR Ss tnd bine «deve 45 8.4 24.4 3.2 
Cistern water: 
Ocracoke Island_-_------------- 17 69.6 143.1 17.5 
EE SO a on nae sn ome ‘ 80.2 118.8 27.9 





It is apparent that the coastal region has 
somewhat greater radioactivity in its ground 
water than the Piedmont and mountain re- 
gions, as indicated by averages of 6.2, 2.9, and 
2.5 pCi/liter, respectively. These activities 
would be considered as background since the 
radioactivity present in the water is imparted 
to the ground waters from the dissolution of 
geological formations of granite, gneiss, and 
other bedrock. Radioactivity so imparted 
would be the combined contribution of such 
elements as natural uranium, thorium, radium, 
potassium and other long-lived materials oc- 
curring in nature. 

It can be noted that the mountain surface 
waters contain less radioactive material (4.4 
pCi/liter) than those in the Piedmont (12.1 
pCi/liter) and coastal regions (15.6 pCi/liter). 
This is to be expected, since the surface waters 
in the mountains have fewer dissolved solids. 
As these waters flow toward the ocean their 
dissolved solid content increases, paralleled by 
increases in their natural as well as their fall- 
out radioactivity concentrations. 

The mountain region had an average of 5.7 
pCi/liter in finished water, while the Piedmont 
and coastal regions reported averages of 8.0 
and 8.4 pCi/liter, respectively. In order to di- 
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rectly compare the results for raw water and 
finished water, one should refer to the data for 
individual samples of raw and finished water 
collected at the same time (5). It appears that 
finished water had, on the average, lower con- 
centrations than raw water. 

Radioactivity in the raw water decreased 
from a 1963 average of 17.1 pCi/liter to the 
1964 average of 11.8 pCi/liter, or approxi- 
mately by one-third. Finished water levels of 
activity decreased from a 1963 activity of 9.7 
pCi/liter to the 1964 level of 8.0 pCi/liter. This 
indicates a removal of radioactivity for 1964 


of 33 percent compared to a 1963 value of 47 
percent. 


It is readily apparent that during 1964, cis- 
tern water contained more radioactivity than 
any of the other types of public water sup- 
plies sampled. The average values were 69.6 
pCi/liter on Ocracoke Island and 80.2 pCi/liter 
in Durham County. These values more closely 
parallel the values observed in precipitation 


during 1964 than the values for ground and 
surface water. 
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JANUARY-DECEMBER 1964 


RADIONUCLIDE ANALYSIS OF COAST GUARD WATER SUPPLIES 


U.S. Coast Guard‘ and Division of Radiological Health * 


Beginning in October 1961, 1-gallon sam- 
ples of water have been obtained from seven 
Coast Guard Loran Stations in Alaska (figure 
1). 

The prime source of potable water at the 
Adak Loran Station is Alpine Lake which is at 
an elevation of 1,000 feet. The lake is occasion- 
ally frozen over with little snow cover each 
year from December through April. Water is 
delivered from the lake as needed through a 
2-mile pipe line to three 25,000-gallon concrete 
reservoirs. All water is chlorinated at the sta- 
tion before use. 

The Attu Loran Station’s prime source of 
potable water is Alout Creek Dam and reser- 
voir. This water source is usually frozen over 
from November through April, with a frequent 
snow cover of 1 to 3 feet. A 1-mile pipe line 
feeds water by gravity to three 25,000-gallon 
concrete reservoirs at the station. The water is 
chlorinated before use. 


—-1US. De artment of the Treasury 
2 U.S. Public Health Service 


The Biorka Loran Station’s water comes 
from a lake that is often frozen over lightly 
during January to March. The water is fed by 
gravity through a 1-mile long insulated pipe to 
a pump house. From there, it is pumped an- 
other mile to a 25,000-gallon steel storage tank 
from which it is fed by gravity one-half mile 
to the station, filtered, and chlorinated. 

The source of water for the Cape Sarichef 
Loran Station is a small dammed creek and 
reservoir: The reservoir is usually frozen over 
from December through April, with 1 to 3 feet 
of snow cover during that period. The water is 
pumped 114 miles from the dam to a 25,000- 
gallon steel storage tank above ground, from 
which the water is fed by gravity to the sta- 
tion, filtered, and chlorinated. 

The Sitkinak Loran Station obtains its water 
from a natural lake which is normally frozen 
over from December through April, with 3 to 
12 inches of snow cover during that period. 
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Figure 1. Coast Guard Loran Station water sampling locations 
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The water is pumped from the lake through a 
1,500-foot line to three 25,000-gallon concrete 
reservoirs at the station. The water is filtered 
and chlorinated as used. 

Port Clarence Loran Station’s source of 
water is two shallow, flatland lakes, which 
freeze solid to their depth of 114 to 3 feet from 
November through May. A variable snow cover 
of 1 to 5 feet is normal during this period. The 
water is pumped beneath the ice and seasonal 
frost to the station’s concrete cisterns of 
225,000-gallon capacity. Normally the entire 
capacity of the station’s tanks is topped off 
prior to December 1 and only a small amount 
of water is pumped from the lake area after 
that date, depending on the thickness of snow, 
ice, and frost cover during the winter months. 
At the time of the first thaw, usually in May, 
the station tanks are again filled and kept filled 
until the following winter freeze. All water is 
filtered and chlorinated before use. 

A natural hillside lake is Spruce Cape Loran 
Station’s source of water. The lake is generally 
ice-free throughout the entire winter season 
with only light snowfall and general slush. The 
water is pumped one-half mile from the lake to 
a 25,000-gallon wood-stave cistern from which 
it is fed by gravity to the station, filtered, and 
chlorinated. 

Water samples are analyzed for gross alpha, 
gross beta, barium-lanthanum-140, cesium—137, 
iodine-131, ruthenium-103 — ruthenium-106, 
and zirconium-niobium-95. The radionuclide 
analyses are performed by gamma spectro- 
metry. All analyses are performed by the 
Southwestern Radiological Health Laboratory, 
Las Vegas, Nevada. The results of the gross 
alpha and beta analyses are reported in table 1. 
Values for specific radionuclide content are not 
reported, since in all cases they were below the 
respective minimum detectable levels (cesium— 
137, 5 pCi/liter; all others, 10 pCi/liter). 
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Table 1. 


Radioactivity in water samples from U.S. 


Coast Guard Loran Stations, January 1964—December 1964 


(Concentrations in pCi/liter) 








Alaskan location Collection date, 1964 | Gross Gross 
alpha beta 
pS eS ey no sample 
eee fll ee <1.1 36 
. . ae <0.1 2 
ae <0.1 50 
DE Entascaciiobaea <0.1 14 
(SSS <0.1 ll 
cy, eee. 2.0 7 
0 1.8 10 
September 1 _ - ‘ 0.7 12 
i —") SGSSSGaa <0.1 13 
a ee February 26-------- 2.9 41 
a a 31 
November 24-- ----- sania 3 
November 30 - - - - - . eee st 28 
December 17 --- = a 26 
December 29------ asada 26 
December 30------_- eae 26 
Cape Sarichef ... <<. ......... January 22......-... 3.9 5 
ce <0.1 1 
) as Gidea 0.3 5 
| {eae 3.3 3 
3 ee 2.2 2 
October 20.....-.--- marti 6 
December 11_...---- ichieenel 11 
PUNS CAMIONND «oon wewececcctnl GEE Eiekwncece- <0.1 12 
February 11-.------ <0.1 13 
Tt taki naiee wes <0.1 6 
Sa 0.5 20 
 . eee <0.1 11 
OO ee <0.1 Q 
Oy ee 1.5 13 
ESS <0.1 18 
September 12-- ~~ -- <0.1 21 
PE Biicennecuce cae h ; 11 
November 12... - ~~ -|-- ee 10 
SS SS ee eee 14 
Sitkinak Island. ............ January 13.......-. <0.1 23 
February 13........ <0.1 18 
March 17___-_- <0.1 19 
April 10 0.5 11 
May 13 <0.1 18 
June 12 5.4 15 
TS EE 1.4 3 
August 11____~- <0.1 12 
September 13 - -- ‘ 0.9 12 
October 22. ~~. ---- i ae soa 10 
November 17 - - - -- onan 14 
December 16-- re 10 
ee January 7........-. <0.1 43 
February 10-_------. 1.1 40 
March 10_. <0.1 <1 
April 6_- — 0.5 39 
pre 0.6 18 
OO” <0.1 13 
i? és 1.0 <1 
SS) ee 0.9 12 
September 10--_--_- <0.1 4 
October 14_. ove mee athee 10 
November 9- - ._---- 16 














Previous coverage in Radiological Health Data: 


Period 





October-November 1959 
October—December 1959 


Issue 





Fourth quarter 1959, 
and first and second 
quarters 1960 


October 1961-April 1962 
May-—December 1962 
January—December 1963 


June 1960 
July 1960 


August 1961 


October 1962 
August 1963 
November 1964 
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Section [V—Other Data 


FALLOUT RADIONUCLIDES IN MILK, TOTAL DIET, AND HUMAN BONE 
COMPARED TO FEDERAL RADIATION COUNCIL ESTIMATES, 1963-1964 


Richard D. Grundy, Robert P. Chandler, 
James R. Coleman, and James G. Terrill, Jr 


Estimates of the levels of fallout radionu- 
clides in environmental media and human bone 
expected in 1963, 1964, and 1965 from the 
atmospheric testing of nuclear weapons con- 
ducted through 1962 have been made by the 
Federal Radiation Council (1,2). Observed 
values for 1963 and 1964 based on surveillance 
measurements are presented and compared 
with these predictions. Discussion is centered 
on those ingested fallout radionuclides most 
significantly contributing to the internal radia- 
tion dose to man: strontium-89, strontium—90, 
iodine-131, and cesium—137. 

Although the total diet is the most direct 

veasure of intake of radionuclides, specific 
‘ndicator foods are also important. Milk is both 
ne single food item most often used as an indi- 
cator of the population’s intake of radionuclides 
from the environment as well as the most rapid 
vector, other than air and water, by which man 
can be exposed. Fresh milk is consumed by a 
large segment of the United States population 
and contains most of the radionuclides occur- 
ring in the environment which have been 
identified as biologically significant. 


Milk 


Radionuclide concentrations in milk are 
closely monitored by the Public Health Service’s 
Pasteurized Milk Network (PMN) at 63 sam- 
pling locations in selected United States munici- 
palities (3). Additional information on radio- 
nuclide concentrations in milk are obtained 
through the Atomic Energy Commission’s Tri- 
City Diet Study (4) and various State milk 
sampling programs. 





1Mr. Grundy is Chief, Environmental Data Unit; 
Mr. Chandler is Chief, Human Data Unit; and Mr. 
Coleman is Chief, Data Collation and Analysis Section. 
All are of the Radiation Surevillance Center, Division 
of Radiological Health; Mr. Terrill is Deputy Chief, 
_— of Radiological Health, USPHS, Washington, 
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Strontium-89. Following the resumption of 
atmospheric nuclear testing in late 1961, an 
influx of strontium-—89 into milk was observed 
by the PMN (5). The average monthly concen- 
tration showed a general increase and ex- 
hibited noticeable peaks in the springs of 1962 
and 1963. The concentration of this radionu- 
clide in milk declined after the spring of 1963, 
becoming negligible by the spring of 1964. The 
maximum annual average strontium-—89 con- 
centration at any stations during this period 
was 170 pCi/liter. The intake of radionuclides 
from the-diet can be estimated assuming a 
1-liter daily intake of milk. This would amount 
to 170 pCi/day. 

Strontium—90. The observed strontium—90 
concentrations in milk for the PMN and the 
Tri-City Diet Study from 1961 through 1964 
are given in table 1. For consistency with the 
Federal Radiation Council presentation, these 
concentrations are presented on a “wet” or 
“dry” area basis (2), along with concentrations 
estimated by the Federal Radiation Council. It 
is observed that in the “wet” area, data pro- 
duced by the two programs were in close agree- 
ment. In 1963, the PMN results were slightly 
below the Federal Radiation Council predic- 
tions. 

In 1964, the results were slightly below the 
predicted concentration for both programs. 
Although not striking, the observed differences 
suggests the 1965 predictions were somewhat 
high, indicating that environmental contamina- 
tion has not been as great as anticipated for the 
“wet” areas. 

Considering the “dry” areas, the Tri-City 
Diet Study milk results were in agreement with 
Federal Radiation Council predicted concen- 
trations, while PMN results were slightly 
higher than the predicted concentrations. The 
observed difference suggests the “dry” area 
predicted concentration for 1965 might be 
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low, relative to the Pasteurized Milk Network 
results. This suggests that environmental con- 
tamination in the “dry” areas was somewhat 
greater than anticipated. 

Iodine-131. lodine-131 concentrations in 
milk for the PMN increased in 1961 with the 
resumption of atmospheric nuclear testing. 
However, as predicted, the iodine-131 had be- 
come undetectable by mid—1963 (2). The peak 
annual average was 104 pCi/liter at Palmer, 
Alaska, in 1962. Using the assumption of 1 
liter daily intake of milk, this annual average 
would correspond to Range III (100-1,000 
pCi/day) as defined by the FRC (6). 

Cesium—137. Cesium—137 concentrations in 
milk for the Pasteurized Milk Network paral- 
leled the strontium~90 results. A continued in- 
crease was observed from 1961 through 1964 
when the peak concentration of cesium—137 in 
milk occurred. The annual averages in 1964 
were 119 pCi/liter in the “wet” area and 86 
pCi/liter in the “dry” area. 


Diet 


Estimates of children and teenager radio- 
nuclide intakes have been obtained since 1961, 
through the Institutional Total Diet Sampling 
Network (7) of the Division of Radiological 
Health and the Division of Environmental 
Engineering and Food Protection. This net- 
work, along with the Atomic Energy Commis- 
sion’s Tri-City Diet Study (4), the Food and 
Drug Administration’s Teenage Diet Survey 
(8), the State of California’s Diet Study (9), 
and the State of Connecticut’s Standard Diet 
Study (10), provides nationwide estimates of 
dietary intakes of radionuclides. The character- 
ization of radionuclide concentrations in the 
diet constitutes an important element of any 
integrated program of population-oriented radi- 
ation surveillance. 

Strontium—89. The influx of strontium—89 
into the diet was observed in the Institutional 
Diet samples in late 1961 following the 
resumption of atmospheric nuclear testing 
(11). The average daily intake was seen to 
reach peaks in mid—1960 and 1963, declining 
thereafter (9). This radionuclide had dimin- 
ished to negligible levels by early 1964. The 
annual average daily intake was approximately 
the same in mid-1962 and mid-1963. These 
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observations were in agreement with the Fed- 
eral Radiation Council Report Number 4. The 
maximum annual average strontium-—89 intake 
at any institution during this period was 182 
pCi/day. 


Strontium-90. Unlike strontium—89, stron- 
tium—90 has been observed in the Institutional 
Diet samples continuously since the inception 
of the network. During 1961, the network an- 
nual average strontium—90 intake was 8 pCi/ 
day, which corresponds to approximately 7 
pCi/g calcium in the diet.2 After the re- 
sumption of nuclear testing, the average daily 
intake increased steadily, reaching a maximum 
in the spring of 1964. The network annual 
averages were 13 pCi/day in 1962; 25 pCi/ 
day in 1963; and 32 pCi/day in 1964, corre- 
sponding to approximately 12, 22, and 28 pCi/g 
calcium; respectively. The highest annual av- 
erage for an individual institution, 48 pCi/day, 
was observed during 1964. This corresponds 
to Range II (20-200 pCi/day) as defined by 
the Federal Radiation Council (6). A decreas- 
ing trend, first observed in the latter part of 


1964, should be expected to continue through 
1965. 


Similar patterns of strontium—90 dietary in- 
take were reflected in the Tri-City Diet Study 
(8) and the Teenage Diet Survey (4). Stron- 
tium—90 dietary intakes increased during 1961 


and 1962, reaching a maximum in the spring of 
1964. 


Comparisons of these dietary results with 
the Federal Radiation Council estimates (1,2) 
are shown in table 2. For the “wet” area, the 
results from the two sampling programs were 
in reasonable agreement for all years, although 
the ratios of pCi/g calcium observed were be- 
low the values predicted by the Federal Radia- 
tion Council. In the “dry” area the observed 
results for both programs were also somewhat 
lower than the predicted ratio. However, in 
1964, the Institutional Total Diet Sampling 
Network result, representing several sampling 
locations, was in closer agreement with the 
Federal Radiation Council predictions than the 
Tri-City results, which are represerted by San 
Francisco, California. 





2 Based upon 1.13 g calcium per day (11). 
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lIodine-131. When considering the daily in- 
take of iodine-131, emphasis is generally placed 
on the contribution from fresh milk, since the 
normal delay between deposition and the con- 
sumption of most other dietary components pro- 
vides time for significant reduction of iodine— 
131 by decay. The dietary intake of iodine-131 
as observed in the ITDSN reached a peak in 
1961, with an average annual intake of 27 pCi/ 
day. A decrease was seen in 1962, 1963, and 
1964, with annual averages being 25, 16, and 
0 pCi/day, respectively. Consistent with the 
predictions of the FRC (2), iodine-131 was no 
longer observable in the diet by mid—1963. 

Cesium-—137. During 1961, the cesium—137 
dietary intake, as observed in the Institutional 
Total Diet Sampling Network, averaged 29 
pCi/day. Subsequently, the dietary intake of 
cesium-187 increased, paralleling the stron- 
tium-90 intake. A peak network average daily 
intake of 154 pCi/day was observed in 1964. 
This is well below the value of 4,400 pCi/day 
for the population at large which can be derived 
from International Commission on Radiological 
Protection recommendations (12). Federal 
Radiation Council estimates of dietary intake 
of cesium-137 have not been made. However, 
as with strontium-—90, cesium-—137 dietary in- 
takes are expected to decrease in 1965. Results 
of the Teenage Diet Survey further substanti- 
ate this expected decrease (8). 


Bone 

Indications of the extent to which strontium— 
90 has entered the food chain of man have been 
shown by the preceding summary of results. 
The resultant levels of strontium—90 in man 
can be described by employing the ratio of pCi 
° Sr/g Ca in bone. 

For consistency with the presentation in 
Federal Radiation Council Reports Numbers 4 
and 6, the 0-to 4-year old age group .is con- 
sidered. Table 3 shows the observed pCi * Sr/g 
Ca in bone from AEC’s Health and Safety 
Laboratory (HASL) and Public Health Serv- 
ice programs along with Federal Radiation 
Council estimates. Reasonable agreement is 
noted between the predictions and the observed 
data. However, the observed values are con- 
sistently about one-half the predicted values. 
A difference of this order is not unexpected 
since the predicted values are for new bone 
being formed, whereas a considerable fraction 
of the bones of individuals 0-4 years of age 
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was old bone, which (in 1963 and 1964) had a 
lower strontium-90/calcium ratio than the 
bone most recently formed. 


Estimated dose 

From the observed strontium—90 in bone and 
cesium-—137 concentrations in milk it is possible 
to estimate annual dose rates to children. The 
resultant radiation dose rate from the indi- 
cated strontium—90 concentrations in bone may 
be estimated from the dose conversion factor 
presented by the Federal Radiation Council 
(13). The highest average bone level shown 
(6 pCi/g Ca), would result in a dose to bone 
marrow of approximately 5.5 mrad in one year. 

For cesium-137, the yearly dose (assuming 
equilibrium) can be calculated from the follow- 
ing: 


— p=(L1aat, 
Ww 


Where: 
D=dose rate (rads/year) 
I=daily intake of cesium-137 (uCi/day) 
W =body weight (kg) 
T.=effective half-life (days) 


For infants the effective half-life is taken to 
be 30 days and the body weight as 10 kg (13); 
also, it is assumed that 1 liter is the daily intake 
of milk. Considering the “wet” area with a 
1964 average for cesium—137 of 119 pCi/liter 
of milk, the resultant dose would be approxi- 
mately 5.7 mrad for the year. 

Since both nuclides contribute to bone-mar- 
row dose, the sum of the estimated doses is of 
significance (13). Thus, the estimated total 
dose to bone marrow from strontium—90 and 
cesium-137 would be approximately 10 mrad 
during 1964 for young children in the “wet” 
area. 

For long term low-level situations, such as 
represented by these data, a Protective Action 
Guide has not been recommended by the Fed- 
eral Radiation Council. Rather, annual doses 
from fallout equal to or greater than the numer- 
ical values of the Radiation Protection Guides 
(RPG’s) can be used as an indication of when 
there is a need for careful evaluation of fallout 
exposures. The RPG for bone marrow for the 
general population is given as 170 mrad/year 
(6). Thus, in the above case, the dose rate due 
to strontium-90 and cesium-137 for young 
children in the “wet” area amounts to approxi- 
mately 6 percent of the RPG. 
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Table 1. 


compared with Federal Radiation Council estimates for 1963-1965 


Annual averages of strontium-90 content of U.S. milk, 1961-1964, 
















































































(pCi/g Ca) 
“Wet area’ “Dry area”’ 
Year 
New York FRC San Francisco FRC 
ity Estimate PMN (Tri-City) Estimate PMN 
(Tri-City) 
ee 10 | Seen eee 5 
| Sara 15 3) 2 10 
30 830 25 10 510 15 
25 620 25 10 b10 15 
is aes Sola etl WP Bl pb dinnenanieddcedon . BASE eee ee 
® Estimated in Federal Radiation Council Report No. 4. 
b Estimated in Federal Radiation Council Report No. 6. 
Table 2. Annual averages of strontium-90 content of U.S. total diet, 1961-1964, 
compared with Federal Radiation Council estimates for 1963-1965 
(pCi/g Ca) 
“Wet area” “Dry area” 
Year 
New York FRC Institutional |San Francisco FRC Institutional 
City Estimate iet (Tri-City) Estimate Diet 
(Tri-City) 
I c4:4. tit. irigacanahmraneie ales ued OS Seer 10 , aa 5 
ee ees OL. EES aS 10 | Re. 10 
ASE aS 30 850 25 10 835 15 
ERE Se ER SS 30 b40 30 10 b20 20 
ESS Skee tf RE Reka aee Rees “SEP e 5 eee ee 
® Estimated in Federal Radiation Council Report No. 4. 
b Estimated in Federal Radiation Council Report No. 6. 
Table 3. Average strontium-90 content of human bone in the United States, 
for 0-4-year olds at death, 1958-1965 
(pCi/g Ca) 
“Wet” area “Dry” area 
Year Observed Observed 
Estimated * Estimated ® 
HASL PHS HASL PHS 
ee een ay er eee ae 2.0 2.0 
ee ee eee 2.7 2.2 
ee eae 2.4 1.8 
IE is is internslsareh dakicctaemensireedol 2.6 0.9 
SRE A eae 3.1 4.0 ie 
SER RCR RD Re SE ae. 12 5.0 4.2 9 1.9 
iis ciecataiaite kinda astoncmaksnaal 10 6.1 b6.1 5 2.6 2.7 
_ _ ER ee aE 8 4 























* 1963, 1964, and 1965 values are predicted by assuming one-fourth of the dietary level of strontium-90 is laid 
down in new bone in 0- to 4-year old children (/, 2), and that the strontium-90/calcium ratio of old bone in this 
group is the same as that of new bone. 

> Values based upon results for January through June 1964. 
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Summary 


The estimates made in Federal Radiation 

Council Reports Number 4 and 6 regarding 
the maximum concentrations of radionuclides 
n the environment and man have been essen- 
ially verified by recent surveillance data. The 
peak intake of radionuclides by the population 
eroups selected appears to have occurred in 
964. It is concluded, therefore, that the predic- 
ions made in Federal Radiation Council Re- 
oorts Number 4 and 6 and the radiation doses 
orojected over the next 30 and 70 years are 
valid and reasonable for the situation as it 
exists currently. 

For the situation wherein the major nuclear 
powers are abiding by the atmospheric test 
ban treaty, current surveillance operations are 
appropriate. This is due in large measure to 
cooperation between Federal and State agencies 
in developing nationwide coordinated surveil- 
lance programs. Such related surveillance pro- 
grams complement each other and frequently 
provide corroborative information. In general, 
current surveillance activities are designed to 
yield measurements of environmental radiation 
levels which can ultimately be translated to 
estimates of average doses to population groups. 
Based upon predictions of dietary contamina- 
tion levels anticipated in 1963 and subsequent 
years, the Federal Radiation Council concluded 
in Reports Number 4 and 6 that health risks 
from radioactivity in food over the next several 
years are too small to justify protective actions 
to limit the intake of radionuclides by food, 
particularly milk and dairy products. The ob- 
served radionuclide levels are’in agreement 
with these predictions, and therefore the con- 
clusions of the Federal Radiation Council apply. 
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RADIOACTIVE CERAMIC GLAZES 


Leonard F.. Menczer' 


During the past several years articles have 
appeared in news media concerning radioactiv- 
ity in certain types of glazed earthware (table- 
ware). Since there is little 1n the literature on 
this subject, a brief review may be indicated, 
including additional information secured by 
the author. 


Historical aspects 


The use of uranium compounds to produce 
pigmented glazes for ceramicware such as plat- 
ters, pitchers, vases, water mugs, coffee cups, 
and demitasses was reported as early as 1906 
(1). The colors produced by using uranium 
source materials in the glazing process range 
from brilliant orange-red to lemon-yellow. At 
low firing temperatures, and in a high lead 
glaze, uranium pigments produce a red color, 
while in an alkaline glaze they develop a yellow 
color. The forms in which uranium is usually 
used are black oxide of uranium (UO.) and 
sodium uranate (Na.UO,) (2). The radioactiv- 
ity of such glazed materials has been recognized 
for some time, and their use as sources for 
classroom demonstrations of radioactivity has 
been suggested (3). This use of ceramicware, 
as well as normal use as eating utensils, has 
been described as unlikely to present a health 
hazard (4). 

The use of uranium source materials for 
ceramic glazes was interrupted in 1943, when 
uranium ores became unavailable except for 
atomic development. Just how large a stock of 
uranium pigment materials was on hand at the 
several pottery manufacturing plants in the 
United States in 1943 when controls were 
placed on uranium ores, and just how long that 
supply lasted is difficult to determine. It is 
believed that, due to the lack of uranium ore 
supply, by 1944-1945 the use of uranium pig- 
ments in ceramic glazes was discontinued. 

It is reasonable to assume that millions of 
such dishes and drinking ware were manufac- 
tured and sold prior to 1944-1945 and that 
many of these continue in use today. 





1 Dr. Menczer is Radiological Health Officer, Hartford 
Health Department, City of Hartford, Connecticut. 


656 


It was not until about 1959 that uranium 
oxide was again commercially available. Since 
then, however, it has been used under Atomic 
Energy Commission regulation, which imposes 
conditions concerning the safety of the manu- 
facturing process and limits the quantities of 
uranium in the final product (5). Excerpts 
from current regulations governing the quan- 
tity of uranium which can be used in ceramic 
glazes are set forth below: 

“Exemptions 
“40.138 Unimportant quantities of source ma- 
terial 
““(c) Any person is exempt from the regula- 
tion in this part and from the requirements 
for a license set forth in section 62 of the 
Act to the extent that such person receives, 
possesses, uses, transfers, or imports into 
the United States: 
following products: (i) glazed ceramic table- 
ware, provided that the glaze contains not 
more than 20 percent by weight source ma- 
terial; (ii) glassware, glass enamel, and glass 
enamel frit containing not more than 10 per- 
cent by weight source material; but not in- 
cluding commercially manufactured glass 
brick, pane glass, ceramic tile or other glass, 
glass enamel, or ceramic used in construction 
oe 

To clarify the term “Source Material” the 
following definition is used by the Commission: 

“40.4 Definitions 

“(h) “Source Material” means (1) uranium 

or thorium, or any combination thereof, in 

any physical or chemical form or (2) ores 

which contain by weight one-twentieth of 1 

percent (0.05 percent) or more of (i) ura- 

nium, (ii) thorium or (iii) any combination 
thereof. Source Material does not include 

special nuclear material” (6). 

The clause “not more than 20 percent by 
weight source material” developed “through 
expression from various manufacturers as to 
the quantities of source material necessary to 
give desired colors in the glaze. This quantity 
of source material in the glazed ceramic table- 
ware was evaluated by the AEC staff from the 
radiological safety standpoint, taking into ac- 
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count such considerations as the method of in- 
corporating the radioactive material into the 
glaze, the type of radiation involved, the radia- 
tion levels at varying distances from the glazed 
ceramic tableware, the conditions of use of the 
tableware, and the parts of the body likely to 
receive radiation exposure in connection with 
the use of the tableware. The radiation safety 
avaluation made indicated that the radiation 
exposure to persons possessing and using 
glazed ceramic tableware containing not more 
than 20 percent source material in the glaze 
would be insignificant” (7). 

More recently (March 1965), the AEC pub- 
lished criteria for the approval of products in- 
tended for use by the general public, containing 
byproduct material and source material (8). 
Essentially, the principal considerations in 
these criteria are similar to those mentioned 
above in evaluating glazed ceramic tableware. 

AEC estimates of exposure from handling 
such tableware have been made on the basis 
that the highest exposure would be to the hands. 
The AEC has indicated that even if it is pos- 
tulated, as an example of an extreme period of 
exposure, that there is a continuous contact 
with the tableware for as long as 114 hours per 
day, with a radiation level of 5 mrad per hour 
at contact, then these conditions would produce 
an exposure of 7.5 mrem per day to the hands, 
or 2.6 rems for a 50—week period. This esti- 
mated exposure may be compared with 75 rems 
permissible exposure to the hands for a 50- 
week period for workers in the atomic energy 
industry (9). 

From the inquiries by the writer, it was 
found that at least five manufacturers of china 
and earthenware at one time or another prior 
to the mid-forties used glazing pigments con- 
taining uranium compounds. However, only one 
of these five manufacturers as of 1963 used 
this type of pigment. In more recent years, 
several additional companies have made ap- 
plication for licensure from AEC to use de- 
pleted uranium materials for glazes used in 
ceramic or glassware manufacture. 

Reviewing the above background informa- 
tion, it would appear that the public health 
interest in this subject centers on quantitat- 
ing information on a number of problems. One 
of these is to ascertain the radioactivity as- 
sociated with urenium pigment-glazed ceramic- 
ware manufactured prior to 1944-1945. An- 
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other is to determine the radioactivity of cer- 
amicware manufactured after 1949 with glaz- 
ing pigments consisting of depleted uranium 
oxide. Finally, if warranted, actual conditions 
of use of ceramicware in the general popula- 
tion should be determined to establish more 
precisely the dosimetry involved. Information 
bearing on the first of these problems is pre- 
sented below. 


Findings 


It is assumed that all earthenware in this 
study was manufactured prior to the 1940’s. 
This assumption is based on the fact that the 
individuals from whom the earthenware was 
collected stated in effect: “We’ve had these 
dishes for the past 20 to 30 years.” 

As the first step in evaluating the radio- 
activity associated with a wide assortment of 
glazed earthenware (tableware) collected in 
1963, film badges were placed in direct con- 
tact with the glazed surfaces of selected items 
for a 24-hour period. Badge holders were not 
used, cadmium and copper filters being taped to 
the badges. Table 1 lists the findings of gross 
beta and gamma radiation by color and type of 
earthenware, and location of badge. In some 
instances, double badges were employed in 
order to check on the consistency of the film 
badge readings. 

Although a wide assortment of earthenware 
was submitted to a cursory survey using a 
CDV-700 Geiger-Mueller survey meter for the 
screening procedure, only selected colors and 
color combinations were found to be radio- 
active. For example, all .orange-pigmented 
products of the five manufacturers contained 
varying amounts of radioactivity. One manu- 
facturer’s products were blended color com- 
binations such as chocolate brown with orange 
speckling; green, orange, and blue; and one set, 
blue-green on the inside (not radioactive), 
orange on the outside (radioactive). Not all 
lemon-yellow items showed activity. Those that 
did were substantially less radioactive than the 
orange-pigmented products. 

From a review of table 1, it will be noted that 
gross readings (beta plus gamma) for the 
orange earthenware tested range from a low 
of 3.8 mrad/hr to a high of 19.6 mrad/hr. When 
examined for their beta and gamma compon- 
ents, gamma readings ranged from zero to 7.5 
mrad/hr. In several cases (badges 17, 19, and 
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Table 1. 


Film badge readings obtained from surface contact with ceramic glazes 



















































































24-hour reading (mrad) 
mrad/hr 
Badge : maximum 
No. Color Type of earthenware Location of badge Total gamma 
Minimum | Maximum Beta maximum | plus beta 
gamma gamma plus beta 

1&2 Chocolate brown Dinner dish round— Center of plate 0 70 140 210 9 

scalloped edge 0 70 140 210 9 

3&4 Orange Same Same 0 130 180 ‘ 

0 60 140 199 8 

5&6 Orange Dinner dish square— Same 0 50 140 190 8 

scalloped corner 0 50 150 200 8 

7&8 Orange Dinner dish square— Same 0 90 150 * 240 10 

scalloped corner 0 70 160 230 10 

9&10 Orange Dinner dish round Same 0 40 90 130 5 

3 40 90 130 5 

11 & 12 | Orange Saucer round Same 3 15 160 175 7 

0 60 160 220 q 

13 & 14 | Orange Cereal bowl Same 27 140 330 470 20 

15 180 280 460 19 

15 Orange Saucer round— Same 0 85 160 245 10 

scalloped edge 

16 Orange & blue Coffee cup Lip portion outside 0 70 160 230 10 

17 Orange Coffee cup Lip portion inside 0 80 210 290 12 

18 Lip portion outside 0 50 110 160 7 

19 Orange Water mug Lip portion inside 0 80 260 340 14 

20 Lip portion outside 0 50 160 210 9 

21 Orange Coffee cup Lip portion inside 6 110 240 350 15 

22 Lip portion outside 0 70 190 260 11 
23 & 24 | Orange 3-sectional dinner plate Center 0 50 90 14 6 . 

0 40 110 150 6 

25 Green, orange, & blue Matching dish and bowl Dish, edge orange 0 20 70 91 4 

26 Bowl, on orange base 0 90 280 370 15 

27 & 28 | Lemon yellow Dinner dish Center of plate 0 3 10 13 0.5 

0 3 10 13 0.5 




















21), where film badges were taped to the in- 
side surfaces of coffee cups and mugs, sub- 
stantially higher readings were observed than 
from badges taped to the outside. This may be 
simply an effect of geometry. 


Discussion 

Film dosimetry presents several problems. 
One encountered in this study was inadequate 
definition of beta-gamma energies, such as 
those occurring at the surfaces of ceramic 
glazes. Hence, the accuracy of the beta and 
gamma components reported in table 1 may be 
questioned. In general, the 0.010-inch copper 
filter on the film badge is considered to be 
opaque to beta radiations; however, this may 
not be true for beta particles with energies 
greater than 0.7 MeV. In addition, some of the 
soft gamma components are difficult to dis- 
tinguish from higher energy beta particles. 
For these reasons a range of the gamma com- 
ponents is expressed in table 1 under column 
headings “Minimum gamma” and “Maximum 
gamma.” 
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It is of interest to compare the findings in 
table 1 with reports received from the Atomic 
Energy Commission and the Public Health 
Service for, presumably, currently produced 
earthenware. These reports were issued as a 
result of inquiries from private individuals 
and official agencies following wide newspaper 
publicity in early 1963 in Connecticut. A com- 
munication from a representative of the AEC 
stated: “The beta radiation level on the dishes 

. . is about the same as all dishes using ura- 
nium trioxide as a coloring agent. They read 
about 2 millirad per hour (2 mrad/hr) on con- 
tact ... The amount of gamma or penetrating 
radiation which comes from the dishes is 
barely detectable with sensitive measuring in- 
struments. It is barely distinguishable from 
natural background radiation” (10). A com- 
munication from the PHS states: “To be spe- 
cific, their tests (the AEC) showed that about 
14 percent ‘source material’ was used in the 
glaze for tangerine-colored dishes (which re- 
quired more of the ‘source material’ in order to 
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attain the desired color than would be neces- 
sary for dishes with other colors), and with 
this concentration of ‘source material’ dose rate 
determinations at the surface of such dishes 
showed about 2 mrad/hr beta-gamma readings 
of about 0.5 mrad/hr gamma readings. . .” 
(11). 

The average results reported by this study 
for dishes produced before 1944-1945 differ by 
approximately a factor of 5 from those reported 
by the AEC for dishes probably manufactured 
after 1949. However, the average ratio of beta- 
gamma to gamma absorbed dose observed in 
this study are reasonably consistent with the 
ratio determined from the AEC data (approxi- 
mately 3.5 vs. 4, respectively). A number of 
possible explanations for these observed differ- 
ences in activity are advanced: 


a. Ceramic glazes produced during different 
periods (pre-1944-45 and post—1949) 
were being compared. 

b. Sample geometries varied and/or differ- 
ent testing techniques were used. 

c. The products of five manufacturers were 
investigated in this report while the AEC 
study may have been limited to the prod- 
ucts of one manufacturer. 

d. Data as to whether or not comparable 
glazes were being tested is lacking. 

e. The quantity of glaze slurry employed 
may vary between samples. 


Employing the values obtained in this sur- 
vey, it is estimated that radiation exposure to 
the hands (using a 114-hour daily period of 
exposure) ranges from a low of 2.0 rems per 
50-week period to a high of 10.3 rems per 50- 
week period. The latter figure may be compared 
with the 75 rems allowable exposure to the 
hands of workers in the atomic energy industry. 
The 114-hour period assumed for daily expo- 
sure to the hands would probably produce an 
“upper limit” of exposure; under conditions of 
normal use the duration of exposure would be 
shorter. 
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Summary 


Utilizing the film badge method, gamma and 
beta-gamma_ radiation measurements were 
made at the surfaces of specific types of glazed 
ceramicware; these were compared with 
measurements reported by others. While the 
results were not strictly comparable, some of 
the differences observed may have been due to 
such variables as the geometry of the conditions 
under which the readings were taken and the 
thickness of the glaze. Also, the time periods 
(pre-1944-45 vs. post-1949) during which 
these glazed earthenware samples were pro- 
duced may have been a factor. 

The amount of exposure contributed by the 
glazed ceramicware discussed in this report is 
admittedly small; however, the documentation 
of any increment of artificial exposure, such 
as that discussed in this report, is of public 
health interest. 


REFERENCES 


(1) RIDDLE, F. H. The coloring power of uranium 
oxide in glazes of various composition. Transactions 
Amer Ceramic Soc. 8:210-220 (1906). 

(2) KENNY, J. B. The complete book of pottery mak- 
ing. Greenbery, New York (1949). 

(3) FOSTER, L. S. Demonstrating radioactivity by 
autoradiography. J. Chem Educ 27:225 (1950). 
(4) CRAWLEY, H. W. Radioactivity experiments for 
high schools using orange glazed ceramics. J Chem 

Educ 36:202-204 (April 1959). 

(5) WESTERN, F. Personal communication (letter) 
from the Atomic Energy Commission, Washington, 
D.C. (May 6, 1963). 

(6) FEDERAL REGISTER 26:284. Title 10—Atomic 
Energy, Chapter I-AEC, Part 40 licensing of source 
material (November 20, 1964). 

(7) NUSSBAUMER, D. A. Division of Materials and 
Licensing, AEC. Personal communication (letter) 
(June 10, 1964). 

(8) ATOMIC ENERGY COMMISSION. Criteria for 
the approval of products intended for use by the gen- 
eral public containing byproduct material and source 
material, March 8, 1965. (Attachment IN-568 to 
News Release IN-568, March 15, 1965). 

(9) CLARK, D. C. Atomic Energy Commission, Wash- 
ington, D.C. Personal communication (letter) to Her- 
bert Brucker (January 31, 1963). 

(10) RANGE, W. Atomic Energy Commission, Oak 
Ridge, Tennessee. Personal communication (letter) 
to Frank B. Korkosy. 

(11) NELSON, C. E. Memorandum to Dr. Donald R. 
Chadwick, Chief, Division of Radiological Health, 
Public Health Service (January 30, 1963). 


659 








ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant perimeter surveys are re- 
quired. 

Summaries of the environmental radioactiv- 
ity data for 22 AEC installations have appeared 
periodically in RHD since November 1960. 
Summaries follow for the Lawrence Radiation 
Laboratory, Los Almos Scientific Laboratory, 
and the Mound Laboratory. 

Releases of radioactive materials from these 
installations for the periods covered in the 
reports below are governed by radiation pro- 
tection standards set forth by AEC’s Division 
of Operational Safety in directives published 
in the ‘AEC Manual.” ! These standards, which 
include radioactivity concentrations limits, 
are applicable to effluents released from AEC 
installations. 


1. Lawrence Radiation Laboratory 2 
July-December 1964 


University of California 
Berkeley, California 


Berkeley Site 


The Berkeley site of the Lawrence Radiation 
Laboratory (LRL) is located to the east of the 
University of California campus (figure 1). 
Technical facilities include a 6.38 Bev proton 
accelerator (Bevatron), a 700-MeV cyclotron, 
a 10-MeV linear accelerator, an 88-inch 
cyclotron, and various chemistry and physics 
laboratories. 





1 Part 20, “Standards for Protection against Radi- 
ation,” AEC Rules and Regulations, contains essen- 
tially the standards published in the “AEC Manual.” 
The AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, on a subscription 
basis at $3.50 for 3 years. 

2 Summarized from “Lawrence Radiation Laboratory 
Environmental Radiation Levels—Berkeley and Liver- 
more, Second Half 1964 and Annual Summary 1964.” 
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The environmental sampling program in- 
cludes monitoring of the atmosphere, surface 
and ground waters, sewage, and rain or dry 
deposition. Three types of atmospheric sam. 
ples are taken: stack samples, local area sam- 
ples, and perimeter samples. 

Approximately 110 “stacks” with potentiai 
for releasing radioactive contaminants are 
sampled continuously. One-inch diameter filters 
are used at a flow rate of 1 liter per minute. The 
filters are changed weekly and counted for beta 
activity by an end-window Geiger-Mueller tube 
and for alpha activity by a thin-window pro- 
portiona] counter. Local area and perimeter air 
samples are taken at locations on the Labora- 
tory site and at the property line, respectively. 
The samples are taken on 4- x 9-inch HV-70 
filter paper at 4 cfm. The filters are changed 
weekly, counted for alpha activity by a thin- 
window proportional counter, and for beta ac- 
tivity by a 30 mg/cm ’-window Geiger-Mueller 
tube. A 40-percent loss in the alpha count is 
assumed for self absorption. The average levels 
of activity observed in each type of sample are 
given in table 1. 

Rain or deposition samples are collected 
monthly in 18-inch diameter cylindrical vessels 
lined with polyethylene bags at local area and 
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Figure 1. Environmental sampling locations at the 
Berkeley site 
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Table 1. Atmospheric monitoring, Berkeley site 


Table 3. Water monitoring, Berkeley site 


























July-December 1964 July-December 1964 
Sampling locations Number Alpha Beta Type of sample Number Alpha Beta 
~~ of samples (pCi/m!) (pCi/m!) of samples (pCi/liter) (pCi/liter) 
Se ee 4,000 0.01 1.2 Sewage: 

po 5 a PE CGE Nt oe HE 249 0.00 : 46 | seamar be MEE cas<s ciwictvus ro ae 33.8 

OO SS 98 0.01 trawberry sewer... ........ d A 
aaah TEs Wl th wud - cca oe 23 .06 5.5 

Surface water: 

Onsite streams-_..........-- 78 -60 11.0 
Offsite streams ------...-..-.- 51 .49 4.3 


yerimeter sites. Rain samples are poured out 
ind evaporated in beakers. If the bag is dry, it 
s rinsed out with dilute nitric acid, and the 
resulting solution is then evaporated. Final 
evaporation is conducted in 2-inch diameter 
stainless steel planchets, which are then flamed 
ind coated with a thin film of lacquer. These 
olanchets are counted for alpha activity in an 
internal-flow proportional counter and for beta 
activity with a thin-window, low-background 
Geiger-Mueller flow counter. No correction is 
made for self-absorption in the sample. Deposi- 
‘tion data are given in table 2. 


Table 2. Total deposition, Berkeley site, July-December 1964 








Location Number Alpha Beta 
of samples (nCi/m?) (nCi/m!?) 
LOOMS LL. nb aniwecabaee 60 0.0734 13.51 
0 ea eee 24 0.1428 13.89 

















Water samples are taken from sewers, onsite 
streams, and offsite streams. Two sewer lines 
serve the LRL area. The Hearst sewer re- 
ceives waste from the larger part of the area. 
A sampling system takes a continuous propor- 
tional sample from the Hearst sewer as it 
leaves the Laboratory boundary. Samples are 
also taken of acid waste feeding into the Hearst 
sewer from Buildings 70, 70A, and 71. The 
Strawberry sewer receives waste from the 
southeast part of the Laboratory site. Building 
74 is the most likely contributor of radioactiv- 
ity to this sewer line. The two acid waste sys- 
tems from Building 74 are sampled individually 
on a continuous basis. Strawberry and Black- 
berry Creeks comprise the Laboratory’s storm 
drainage. These are sampled weekly at three 
locations. Two other nearby offsite creeks 
are also sampled weekly. All water samples are 
handled in the same manner as rain samples. 
The results from the water sampling program 
are presented in table 3. 
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Livermore Site 


The Livermore site of LRL is located about 
50 miles southeast of San Francisco, California 
(see figure 2). Technical facilities include a 
small cyclotron, a 2-megawatt swimming 
pool reactor, and physics and chemistry pro- 
grams associated with a weapons development 
program. 

















Veteron's Hospito! 





Figure 2. Sampling locations at the Livermore site 


An environmental sampling program is main- 
tained to provide information regarding the 
effectiveness of control measures and to deter- 
mine whether any radiological changes in the 
environment are the result of laboratory opera- 
tions. The sampling program includes air par- 
ticulates, soil, domestic water, sewer effluent, 
and sewage plant products. Air samples are 
collected to ascertain that control efforts are 
restricting the release of radioactivity from 
the Laboratory to levels which do not exceed 
the permissible levels for the neighborhood 
around an atomic energy facility. The water 
samples are collected to monitor radioactivity 
in an underground water supply which provides 
most of the domestic water for the cities of 
Livermore and Pleasanton, and the sole supply 
for ranches in the Livermore and Amador 
Valleys. 
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Air samples are collected continuously at 15 
sites within 5 miles of the Laboratory. Samples 
are collected at a rate of 4 cfm on 4- x 9-inch 
HV-70 filter papers, which are changed after 
every 7 days of operation. A minimum decay 
period of 96 hours is observed before the sam- 
ples are counted, to eliminate the effect of 
natural radon and thoron daughters. The alpha 
activity remaining is measured with a counter 
equipped with a zinc-sulfide scintillation detec- 
tor with a counting efficiency of about 24 per- 
cent for 5.1 MeV. The beta activity is measured 
with a Geiger-Mueller tube using strontium—90 
in equilibrium with yttrium—90 as the standard. 
Alpha activity in air samples averaged 0.003 
pCi/m’, while beta activity averaged 0.23 
pCi/m*. 

Domestic water samples are _ collected 
monthly from two onsite wells and in six 
nearby areas. The average radionuclide concen- 
trations in the domestic water samples were 
below the limit of sensitivity for beta activity 
(41 pCi/liter), while alpha activity ranged 
from the limit of sensitivity (8.9 pCi/liter) to 
a high of 58.0 pCi/liter. The average alpha ac- 
tivity was slightly below 10 pCi/liter. The gas 
proportional counter used in these measure- 
ments has a counting efficiency of 34 percent 
for alpha emitters and 50 percent for beta 
emitters. 

Samples of top layer soil are collected quar- 
terly at the 19 sampling stations surrounding 
the Livermore site. The alpha activity fluctu- 
ated from the limit of sensitivity (5.0 pCi/g) 
to 13.0 pCi/g. The beta activity fluctuated from 
the limit of sensitivity (23.0 pCi/g) to 68.0 
pCi/g. 

Samples are collected every Monday, Wednes- 
day, and Friday at the sewer line leaving the 
southwest project boundary, where it connects 
with the Livermore domestic sewer line. Grab 
samples are collected monthly at the Livermore 
Sewage Disposal Plant to assure that the liquid 
effluent from the laboratory is not creating 
abnormal radioactivity concentrations either in 
the oxidation ponds (which overflow into a 
natural waterway) or in the dried sludge 
(which is used as an agricultural soil condi- 
tioner). Radioactivity levels in sewage oxida- 


tion ponds and dried sludge are summarized in 
table 4. 
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Table 4. Environmental sampling, Livermore, 
July-December 1964 


(Average concentrations) 

















Type of sample Alpha Beta 
(pCi/liter) (pCi/liter) 
ene ee: ee 92 44 
ES EINER ESS Ee NEE. 15 50 
RRR EE EE Se ot Wa 34 27 
Site 300 


Site 300 is located in a very sparsely popu- 
lated ranching area about 17 miles southeast of 
the Lawrence Radiation Laboratory at Liver- 
more. Air and water samples are taken to 
determine whether operations at Site 300 are 
changing the normal radioactivity levels in the 
vicinity. The seven air samplers at Site 300 
are operated at about 50 cfm on a continuous 
basis, but the filter papers are changed on an 
irregular schedule. Most of these air samplers 
are located within the boundaries of the test 
site due to unavailability of power facilities off- 
site. Water samples are taken from six onsite 
wells because they are the only readily acces- 
sible source of underground water. No samples 
are collected from streams since there is no flow 
during the summer and fall months and only 
sporadic flow in the winter. 

All air and water samples are processed at 
the Laboratory in Livermore. Soil samples are 
collected monthly at seven offsite locations. 
Only top layer soil is collected to determine 
fallout concentrations. The average radioactiv- 
ity levels in all types of samples are summar- 
ized in table 5. 


Table 5. Environmental sampling, Site 300, 
July-December 1964 


(Average concentrations) 








Type of sample Alpha Beta 
ID so iio acs ad vs nos eed wre 0.0045 0.29 
ON OS Sarees re 7 24 
Onsite wells (pCi/liter)_..........---- 8.9-30 41-46 





Recent coverage in Radiological Health Data: 


Period 


Second half 1961 
Calendar year 1962 
Calendar year 1963 
First half 1964 


Issue 


October 1962 
October 1963 
Octoher 1964 
May 1965 





Radiological Health Data 
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| sae | 





Data 





2. Los Alamos Scientific Laboratory* 
Calendar Year 1964 


University of California 
Los Alamos, New Mexico 
As part of the environmental monitoring 

program at Los Alamos, measurements of air 
particulate radioactivity, activity in precipita- 
tion, and gamma background are made peri- 
odically. The samples have been taken on the 
roof of building TA-—50 (about 134, miles south- 
east of the Administrative Building, the for- 
mer location) starting in March 1963. Gamma- 
background surveys were discontinued in 
March 1968. 


Air monitoring 


Airborne radioactive particulate matter is 
collected on 4-inch-diameter filters. The sam- 
pling rate was reduced from 46 m °*/hr in 1962 
to 25.5 m */hr in 1963, due to the addition of an 
activated charcoal filter behind the first filter. 
Air samples are ordinarily collected for 24-hour 
intervals during the work week ; 72-hours week- 
end samples are collected. 

The filters are counted for beta activity 7 days 
after collection in a thin-window (methane) 
flow proportional counter, with an overall effi- 
ciency for *° Sr—* Y of 50 percent. During the 
year, air samples averaged 0.69 pCi/m®* for 
beta activity, with a maximum of 3.75 pCi/m * 
occurring on October 26, 1964. 


Precipitation monitoring 


Collection is made in a 0.4 square meter rain 
collector which delivers 1 liter of water for 
each 0.1 inch of precipitation. It has been 
found that this arrangement collected activity 
even during relatively dry periods. By washing 
down the sides of the collector with 1 liter of 
distilled water, a suitable sample is obtained. 
These “wash” samples, as well as any precipi- 
tation, are reduced in volume, dry-plated on 
l-inch stainless steel planchets, and counted in 
an automatic beta counting system, installed 
in late 1963. This system has a gas-flow propor- 
tional counter, which provides increased effi- 
ciencies and lower background. (Counting was 
previously done in an end-window Geiger-Muel- 
ler counter with a window thickness of 1.9 





3’ Summarized from “Beta-Gamma Radioactivity in 
Environmental Air at Los Alamos, New Mexico, for 
1964” (LA-3245-MS). 
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mg/cm.) During the year, daily deposition 
samples averaged 236 pCi/m ? for beta activity, 
with a maximum of 10,894 pCi/m? occurring 
on April 29, 1964. 


Previous coverage in Radiological Health Data: 








Period Issue 
1960-1961 October 1962 
1962-1963 October 1964 


3. Mound Laboratory‘ 
July-December 1964 


Monsanto Research Corporation 
Miamisburg, Ohio 


Of the radionuclides in use at Mound Labora- 
tory, only polonium-210, plutonium—239, and 
hydrogen-3 (tritium) are potential environ- 
mental contaminants. No measurable amounts 
of penetrating radiation such as gamma or hard 
beta have been contributed to the environment 
by the Laboratory during the period covered 
by this report. 

The environmental monitoring program, con- 
ducted by the Monsanto Research Corporation, 
is planned and coordinated with regard to all 
of the various projects performed in the Labor- 
atory. Air and water monitoring methods and 
results are discussed below. 


Air monitoring 


A continuous air monitor for measurement 
of tritium, and particulate air sampling equip- 
ment for measurement of alpha activity, are 
mounted on a 1-ton panel truck for use in 
the routine monitoring of the environmental 
air at 95 locations selected within a radius of 
20 miles. The choice of sites on a given day 
depends on the wind direction at the time of 
collection. 

During the 6-month perind ending Decem- 
ber 1964, 298 samples were taken for deter- 
mination of tritium in air. In all cases tritium 
was nondetectable. 

Monitoring for possible polonium-—210 and 
plutonium—239 released to the environment is 
accomplished by determination of long-lived 
gross alpha activity on filter paper samples. 





4 Summarized from “Environmental Monitoring Re- 
port: July-December 1964 and 1964 Summary” (MLM- 
1241). 
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Counting is done in a low-background propor- 
tional counter. Sufficient delay ‘time is allowed 
after collection to minimize interference from 
the daughter products of radon and thoron. 
The measured concentrations of alpha activity 
in air are summarized in table 6. No specific 
determinations of polonium—210 or plutonium— 
239 were made, since the alpha activity re- 
mained substantially below the environmental 
MPC’s for these nuclides. 


Table 6. Long-lived alpha concentrations in air in the 
Mound Laboratory environment, July-December 1964 








Direction from laboratory Number Concentration 
rela’‘ve to wind of samples (pCi/m*) 

0, SE Ee a ee eee 54 0.0027 

SEES 323 0.0042 





Water monitoring 


Liquid radioactive waste materials from 
polonium operations at the Laboratory are 
processed in a special waste disposal plant 
designed to reduce radioactivity to a concentra- 
tion level at which it may be discharged to the 
Great Miami River. Liquid waste from pluton- 
ium work is small in volume, is handled sep- 
arately as a packaged waste, and is not dis- 
charged to the river. Helium—3, which is puri- 
fied at the Mound Laboratory, contains small 
quantities of tritium. Liquid wastes from this 
work, also small in volume, are treated (diluted 
with water when necessary) to assure that the 
radioactivity content is below the maximum 
permissible concentration before discharge to 
the Great Miami River. 

Weekly water samples are collected from a 
drainage ditch and five locations along the 
Great Miami River as shown in figure 3. The 
drainage ditch carries away all storm sewer 
water and liquid tritium wastes from the 
plant site. Sampling location number 2 is lo- 
cated at the point of discharge of the laboratory 
effluent to the Great Miami River, and number 
6 is 5 miles downstream from the effluent outlet. 
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Waste Discharge Line : 
\NY 

Ay MOUND LABORATORY 
+@® 


Drainage Ditch ... 


® 











Figure 3. Water sampling locations in Great Miami 
River, Mound Laboratory 


All of the river samples are analyzed for 
polonium-—210. The drainage ditch samples and 
some of the river samples are analyzed for 
tritium. Average concentrations of tritium and 
polonium-—210 are given in table 7. 


Table 7. Offsite water monitoring for polonium-210 and 
tritium from Mound Laboratory, July-December 1964 








Nuclide and station number Number Concentration 
(see figure 3) of samples (pCi/liter) 
Polonium-210 
lll See 28 558 
3 (250 yards downstream) - -__-__-_--- 28 85 
RE aa SEE Ee ee 28 1.8 
ETE CRIES Ss ee Ot 28 5.4 
| eae BASS Ry Sey FT! 28 0.9 
Hydrogen-3 (tritium) 
5 tenes Giten).................-. 1,000 ,000 
PER ctbcedchedtaacnunmadas 0.0 
_ Eee hae RRS ie en ea rege! PP 0.0 











Recent coverage in Radiological Health Data: 


Period Issue 








January—June 1962 
July 1962—June 1963 
July—December 1963 
January-June 1964 


March 1963 
April 1964 
November 1964 
May 1965 


Radiological Health Data 








ami 








Data 





REPORTED NUCLEAR DETONATIONS, OCTOBER 1965 


In early October 1965, the Atomic Energy 
Commission announced detection of seismic 
signals from a U.S.S.R. nuclear testing area. 


| Later in the month, the Department of Defense 


announced a United States nuclear test, con- 
ducted by the Defense Atomic Support Agency. 

Seismic signals recorded on October 8 indi- 
cated that a disturbance occurred in the Soviet 
Nuclear testing area in the Semipalatinsk re- 
gion equivalent to a low to low-intermediate 
yield nuclear explosion. (Low is less than 20 
kilotons of TNT equivalent; low-intermediate 
is 20-200 kilotons.) 

The United States detonated an 80-kiloton 
thermonuclear device almost a half-mile under- 
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ground on Amchitka Island, Alaska, on October 
29, 1965. The purpose of this project was to 
obtain information on seismic signals from 
underground nuclear tests and their long- 
distance travel times. Such information may be 
useful in distinguishing between natural earth- 
quakes and man-made nuclear detonations that 
are detected by seismographic equipment. The 
Division of Radiological Health participated 
in the project, providing offsite radiological 
health and safety support services, including 
the distribution of film badges, and sampling of 
air, water, milk, and vegetation. Following the 
event, all radiation monitoring instruments 
gave background readings only. 
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